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DEVELOPMENT OF AN INTELLIGENT 
INTERACTIVE GRAPHICS TERMINAL 
ABSTRACT 
An i n t e l l i g e n t s y s t e m , based on a 
r e f r e s h e d d i s p l a y d e v i c e and a s s o c i a t e d 
memory, w h i c h p e r m i t s c o n v e r s a t i o n a l d i -
a l o g u e w i t h two h o s t s y s t e m s c o n c u r r e n t -
l y and has i n t e r a c t i v e g r a p h i c s c a p a b i l -
i t y , i s d e s c r i b e d . I t s u s e , b o t h as an 
i n t e l l i g e n t t e r m i n a l and a g r a p h i c s d e v -
i c e , i s i l l u s t r a t e d w i t h i n t h e c o n t e x t 
o f t h e Durham E d u c a t i o n and R e s e a r c h 
M u l t i A c c e s s N e t w o r k (DERMAN). D e t a i l s 
o f t h e c o m m u n i c a t i o n s a s p e c t s , g r a p h i c s 
p r o t o c o l and d i s p l a y f i l e management a r e 
g i v e n . F u t u r e l i n e s o f d e v e l o p m e n t o f 
t h e s y s t e m a r e d i s c u s s e d . 
P.S.Jones 
U n i v e r s i t y o f Durham 
1980 
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INTRODUCTION 
1.1 G e n e r a l I n t r o d u c t i o n 
T h i s document d e s c r i b e s t h e e v o l u t i o n o f a s y s t e m 
d e v e l o p m e n t f a c i l i t y u sed i n t h e Durham E d u c a t i o n and 
R e s e a r c h M u l t i A c c e s s N e t w o r k (DERMAN). I t i s based on a 
r e f r e s h e d d i s p l a y s c r e e n and a s s o c i a t e d memory, c o n t r o l l e d 
by a d e d i c a t e d p r o c e s s o r . Some o f i t s f e a t u r e s were d e r i v e d 
f r o m d e v e l o p m e n t s i n t h e ' i n t e l l i g e n t ' t e r m i n a l f i e l d and 
f r o m f a c i l i t i e s a v a i l a b l e on more s o p h i s t i c a t e d d e v i c e s a t 
t h e N o r t h u m b r i a n U n i v e r s i t i e s M u l t i A c c e s s Computer (NUMAC) 
c e n t r a l s i t e ( r e f 1 ) . O t h e r e l e m e n t s i n i t s makeup 
d e r i v e d i r e c t l y f r o m t h e need t o a c t as an i n t e r a c t i v e 
g r a p h i c s d i s p l a y d e v i c e . T h i s d o c u m e n t , a l t h o u g h p r i m a r i l y 
a r e c o r d o f t h e p r o j e c t , i s a l s o i n t e n d e d as a p a r t t e c h n i -
c a l g u i d e t o t h e s y s t e m . C o n s e q u e n t l y , m a c h i n e r e p r o d u c i b l e 
d i a g r a m s and t a b l e s a r e i n t e r s p e r s e d w i t h t h e body o f t e x t 
as a p p r o p r i a t e . 
The s y s t e m r u n s on a PDP 11/10 c e n t r a l p r o c e s s o r , and 
uses a VT11 d i s p l a y p r o c e s s o r t o d i s p l a y t e x t and g r a p h i c 
i n f o r m a t i o n t o t h e u s e r . An o p e r a t o r ' s c o n s o l e and communi-
c a t i o n s i n t e r f a c e s c o m p l e t e t h e s p e c i f i c a t i o n . The two com-
m u n i c a t i o n s i n t e r f a c e s p r o v i d e t h e r o u t e t o t h e h o s t s y s t e m s 
s e l e c t e d . I n t h i s case t h e s e a r e u s u a l l y a l o c a l UNIX s y s -
tem ( r e f 2 ) , r u n n i n g on a PDP 11/34 w i t h 128K w o r d s o f 
s t o r e , and a r e m o t e IBM 370/168 a t NUMAC, r u n n i n g t h e 
M i c h i g a n T e r m i n a l System (WTS) ( r e f 3 ) . T e r m i n a l a c c e s s t o 
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t h e IBM p r o c e s s o r i s a c h i e v e d by a PDP 11/20 c o n c e n t r a t o r i n 
Durham c o n n e c t e d t o N e w c a s t l e by a 9,6Kb s h a r e o f a 48Kb 
s y n c h r o n o u s l i n e . These l o c a l PDP-11 p r o c e s s o r s , t o g e t h e r 
w i t h o t h e r m i n i c o m p u t e r s and m i c r o p r o c e s s o r s on t h e 
campus, r e p r e s e n t t h e h a r d w a r e o f t h e DERMAN s y s t e m . T h i s 
f a c i l i t y , s t i l l i n t h e e a r l y s t a g e s o f d e v e l o p m e n t , w i l l 
p r o v i d e r e s o u r c e s h a r i n g , f i l e t r a n s f e r and o t h e r d i s t r i -
b u t e d c o m p u t i n g f a c i l i t i e s t o m a c h i n e s on t h e U n i v e r s i t y 












































I IBM 370/168 I 
I I 
j 1 
The M a i n Components o f t h e DERMAN System 
The s o f t w a r e o f t h e s y s t e m , c a l l e d GTX, a l l o w s t h e 
d i s p l a y s c r e e n t o be s h a r e d by two i n d e p e n d e n t t e r m i n a l 
' s e s s i o n s ' i n n o r m a l t e x t mode o r t o be c o m p l e t e l y u t i l i s e d 
by one o f them i n g r a p h i c s mode. V a r i o u s d e v i c e commands 
p r o v i d e f o r a d j u s t i n g t h e s c r e e n l a y o u t , l o c a l e d i t i n g and 
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p r i n t i n g f u n c t i o n s . A f e a t u r e o f t h e s y s t e m i s t h e a b i l i t y 
t o have a t y p e - a h e a d l i n e , w h i c h i s l o c a l l y b u f f e r e d . U s e r s 
o f t h e s y s t e m f o u n d t h i s e x t r e m e l y u s e f u l , p a r t i c u l a r l y when 
u s i n g i t t o a c c e s s MTS a t NUMAC. T h i s s y s t e m o p e r a t e s i n a 
h a l f d u p l e x mode and w i l l n o t a l l o w i n p u t f r o m t h e u s e r u n -
t i l p r o m p t e d . W i t h t y p e - a h e a d , a c o m p l e t e l i n e c a n be e s t a -
b l i s h e d l o c a l l y and s e n t by t y p i n g a s i n g l e c a r r i a g e r e t u r n 
c h a r a c t e r when t h e p r o m p t i s r e c e i v e d . 
The d i s p l a y t u b e i n c o r p o r a t e s a l i g h t p e n , a d e v i c e by 
w h i c h an i t e m o f c h a r a c t e r o r g r a p h i c a l d a t a 
d i s p l a y e d on t h e s c r e e n may be p o i n t e d a t and r e c o g n i s e d by 
t h e d i s p l a y p r o c e s s o r . I t i s t h u s p a r t i c u l a r l y u s e f u l f o r 
a p p l i c a t i o n s i n v o l v i n g menu s e l e c t i o n o r p i c t u r e m a n i p u l a -
t i o n . E a r l i e r work w i t h t h i s e q u i p m e n t ( r e f 4) e s t a -
b l i s h e d i t s c a p a b i l i t y w i t h an i n f o r m a t i o n s y s t e m h o u s e d 
w i t h i n t h e PDP 11/10 m a c h i n e . W i t h t h i s c u r r e n t d e v e l o p m e n t , 
t h e ' d r i v i n g ' s o f t w a r e f o r t h e g r a p h i c s d i s p l a y r e s i d e s r e -
m o t e l y and t a l k s t o t h e GTX s y s t e m by means o f a s i m p l e p r o -
t o c o l d e s c r i b e d l a t e r . GTX p r o v i d e s management o f t h e 
d i s p l a y f i l e s t r u c t u r e , f o r ex a m p l e a d d i n g o r d e l e t i n g an 
o b j e c t f r o m t h e s c r e e n , and r e t u r n s d e t a i l s o f i n t e r a c t i o n 
by t h e u s e r w i t h t h e d i s p l a y as d a t a t o t h e h o s t s y s t e m . 
Such a s y s t e m m i g h t be t h e I n t e g r a t e d G r a p h i c s ( I G ) ( r e f 5) 
pac k a g e r u n n i n g i n MTS, on w h i c h t h e p r o t o c o l f o r - t h e d a t a 
e x c h a n g e was b a s e d , or a g r a p h i c a l f r o n t end p r o c e s s t o t h e 




The e q u i p m e n t on w h i c h t h e s y s t e m i s s u p p o r t e d c o n -
s i s t s o f 
1) a PDP 11/10 p r o c e s s o r w i t h 1GK w o r d s o f memory 
2) a VT11 d i s p l a y p r o c e s s o r 
3) a VR17 r e f r e s h e d d i s p l a y u n i t w i t h l i g h t pen 
4) two RK05 d i s k u n i t s 
5) two a s y n c h r o n o u s s e r i a l l i n e c o m m u n i c a t i o n s i n t e r f a c e s 
6) a D E C w r i t e r h a r d c o p y c o n s o l e u n i t 
I n w h a t f o l l o w s , a c e r t a i n l e v e l o f f a m i l i a r i t y w i t h 
t h e c h a r a c t e r i s t i c s o f PDP-11 p r o c e s s o r s may be assumed a t 
v a r i o u s s t a g e s . I n p a r t i c u l a r t h e r e a d e r i s assumed t o 
u n d e r s t a n d t h e o p e r a t i o n o f a s t a c k , t h e r e f e r e n c e o f d e v -
i c e s as n o r m a l memory l o c a t i o n s and t h e c o n c e p t o f an i n t e r -
r u p t . A s u i t a b l e r e f e r e n c e w h i c h e x p l a i n s t h e s e and t h e 
more g e n e r a l f e a t u r e s o f t h i s p a r t i c u l a r r a n g e o f m i n i -
c o m p u t e r s i s t h e m a n u f a c t u r e r ' s handbook ( r e t 7 ) . 
1.2 S c r e e n L a y o u t 
The l a y o u t o f t h e s c r e e n a t i n i t i a l i s a t i o n 
t u r e d i n f i g . 1.1 
i s p i c -
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S c r e e n L a y o u t 
F i g 1.1 
The d a s h e d l i n e i n t h e c e n t r e o f t h e s c r e e n d i v i d e s i t i n t o 
two a r e a s , LOWER and UPPER. These a r e a s h o l d n o n - g r a p h i c 
c h a r a c t e r d a t a r e c e i v e d f r o m t h e h o s t s y s t e m s and o p e r a t e i n 
a s c r o l l i n g f a s h i o n . T h a t i s , when t h e a r e a becomes f u l l 
w i t h t e x t , t h e t o p l i n e o f t e x t i s removed and t h e w h o l e i m -
age s h i f t e d up one l i n e , a l l o w i n g t h e n e x t l i n e t o be i n -
s e r t e d a t t h e b o t t o m o f t h e a r e a . The p o s i t i o n o f t h e l i n e , 
c o n t r o l l i n g t h e d i v i s i o n o f t h e s c r e e n i n t o t h e two a r e a s , 
can be a l t e r e d by a d e v i c e command. Thus i t i s p o s s i b l e t o 
have one s y s t e m o c c u p y i n g j u s t a few l i n e s w h i l s t t h e m a i n 
a r e a o f t h e s c r e e n i s a v a i l a b l e t o t h e o t h e r . C h a r a c t e r s 
f r o m t h e k e y b o a r d a r e s e n t t o t h e c u r r e n t l y a c t i v e h o s t , 
- 1 0 -
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w h i c h i s a l s o s e l e c t a b l e by a d e v i c e command. 
I n n o r m a l o p e r a t i o n , k e y b o a r d c h a r a c t e r s a r e b u f f e r e d 
i n a t y p e - a h e a d l i n e a t t h e b o t t o m o f t h e s c r e e n and can be 
e d i t e d . T h i s l i n e i s p r e f i x e d by a p r o m p t c h a r a c t e r (>) and 
a b l i n k i n g u n d e r s c o r e c h a r a c t e r (_) i n d i c a t e s t h e p o s i t i o n 
a t w h i c h t h e n e x t c h a r a c t e r t y p e d w i l l a p p e a r i n t h e b u f f e r 
l i n e . E d i t i n g o f t h e l i n e i s p e r f o r m e d by c u r s o r c o n -
t r o l , a l l o w i n g d e l e t i o n o r i n s e r t i o n o f c h a r a c t e r s a n y w h e r e 
i n t h e l i n e . I n a d d i t i o n c e r t a i n s y s t e m s t a t u s i n f o r m a t i o n 
i s d i s p l a y e d i n t h e s m a l l a r e a a t t h e b o t t o m o f t h e s c r e e n . 
I n g r a p h i c s mode t h e c o m p l e t e s c r e e n a r e a i s a v a i l a b l e 
f o r u s e . When e x p e c t i n g i n p u t i n g r a p h i c s mode, f r o m 
t h e k e y b o a r d ( f o r t r a c k i n g c r o s s p o s i t i o n i n g ) o r t h e l i g h t 
p e n , t h e c u r s o r c h a r a c t e r i n t h e b u f f e r l i n e i s changed t o a 
p l u s s i g n '+' o r a s o l i d s q u a r e c h a r a c t e r r e s p e c t i v e l y . 
1.3 O p e r a t i o n of t h e D i s p l a y U n i t 
The VR17 d i s p l a y s c r e e n has a v i e w a b l e a r e a o f s i z e 
1024 by 1024 r a s t e r u n i t s . A 6x8 d o t m a t r i x i s used f o r t h e 
h a r d w a r e g e n e r a t e d c h a r a c t e r f o n t and 8 h a r d w a r e i n t e n s i t y 
l e v e l s a r e s e l e c t a b l e . A f u l l s c r e e n c an d i s p l a y 42 l i n e s 
o f 73 c h a r a c t e r s each and t h e 96 A S C I I c h a r a c t e r s e t , t o -
g e t h e r w i t h 31 s p e c i a l c h a r a c t e r s i n c l u d i n g Greek l e t t e r s , 
i s a v a i l a b l e . F u l l d e t a i l s o f t h e c o n f i g u r a t i o n o f t h e c e n -
t r a l p r o c e s s o r , memory and d i s p l a y e q u i p m e n t , known as a 
GT40/GT42 i n a p a c k a g e d f o r m , can be f o u n d i n r e f 8. The 
- 1 1 -
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b a s i c o p e r a t i o n o f t h i s e q u i p m e n t w i l l h o w e v e r be b r i e f l y 
d e s c r i b e d . 
The c e n t r a l p r o c e s s i n g u n i t (CPU) and d i s p l a y p r o c e s -
s o r b o t h s h a r e t h e memory and e s s e n t i a l l y o p e r a t e as a u t o -
nomous d e v i c e s . The d i s p l a y p r o c e s s o r u n i t (DPU) e x e c u t e s a 
s m a l l s e t o f d i s p l a y i n s t r u c t i o n s and t h e d i s p l a y f i l e 
t h r o u g h w h i c h i t c y c l e s i s u s u a l l y m a i n t a i n e d as a l i n k e d 
l i s t o f d i s p l a y s e g m e n t s . The d i s p l a y f i l e i s m a i n t a i n e d by 
a p r o g r a m e x e c u t e d by t h e c e n t r a l p r o c e s s o r and t h e d i s p l a y 
p r o c e s s o r i s s t a r t e d by t h e CPU l o a d i n g a v a l u e i n t h e 
d i s p l a y p r o g r a m c o u n t e r (DPC). 
Once r u n n i n g , t h e DPU a c c e s s e s memory by n o n -
p r o c e s s o r r e q u e s t s (NPR) and t h e CPU need n o t be aware 
o f t h e e x i s t e n c e o f t h e DPU t h e r e a f t e r . However a means o f 
c o m m u n i c a t i o n b e t w e e n t h e DPU and t h e CPU i s a v a i l a b l e by 
use o f t h e ' d i s p l a y h a l t ' (DHALT) i n s t r u c t i o n i n t h e DPU. 
On e x e c u t i n g t h i s i n s t r u c t i o n t h e DPU w i l l h a l t and sen d an 
i n t e r r u p t t o t h e CPU. N o r m a l l y t h e i n t e r r u p t s e r v i c e 
r o u t i n e (ISR) e x e c u t e d by t h e CPU w i l l r e s t a r t t h e DPU 
w i t h i n a s h o r t t i m e and no v i s i b l e change o f t h e d i s p l a y e d 
image w i l l o c c u r . However t h e ISR can o b t a i n d e t a i l s o f 
w h i c h a r e a o r segment i n t h e d i s p l a y f i l e c a u s e d t h e 
i n t e r r u p t and use t h i s i n f o r m a t i o n t o m a i n t a i n an a c t i v e 
d i s p l a y s e g m e n t . T h i s i s u s u a l l y p e r f o r m e d by p l a c i n g t h e 
DHALT a t t h e end o f a d i s p l a y segment and f o l l o w i n g i t w i t h 
t h e a d d r e s s o f t h e n e x t segment i n t h e l i s t . Thus t h e 
o p e r a t i o n o f t h i s a p p e a r s as a d i s p l a y j u m p (DJUMP) i n s t r u c -
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t i o n t o t h e n e x t s e g m e n t , w i t h t h e a d v a n t a g e t h a t t h e 
p a t h o f t h e DPU t h r o u g h t h e d i s p l a y f i l e i s m o n i t o r e d by t h e 
CPU. 
The f i v e b a s i c i n s t r u c t i o n s m a k i n g up t h e d i s p l a y p r o -
c e s s o r i n s t r u c t i o n s e t a r e 
1) S e t G r a p h i c Mode 
2) Jump 
3) No-op 
,4) Load S t a t u s R e g i s t e r A 
5) Load S t a t u s R e g i s t e r B 
I n s t r u c t i o n s 2 and 3 a r e s e l f - e x p l a n a t o r y b u t t h e o t h e r s r e -
q u i r e more a m p l i f i c a t i o n . The S e t G r a p h i c Mode i n s t r u c t i o n 
p e r f o r m s s e v e r a l f u n c t i o n s . I t p r i m a r i l y e s t a b l i s h e s t h e 
mode o f t h e s u b s e q u e n t g r a p h i c d a t a as one o f t h e f o l l o w i n g 
a) c h a r a c t e r mode 
b) s h o r t v e c t o r mode 
c) l o n g v e c t o r mode 
d) p o i n t mode 
e) g r a p h x mode 
f ) g r a p h y mode 
g) r e l a t i v e p o i n t mode 
I n c h a r a c t e r mode A S C I I d a t a w i l l f o l l o w t h e i n s t r u c -
t i o n , two c h a r a c t e r s t o a w o r d . A l l v e c t o r mode d a t a i s r e -
l a t i v e , t h a t i s an o f f s e t f r o m t h e c u r r e n t beam p o s i t i o n , 
t h e d i s t i n c t i o n b e t w e e n s h o r t and l o n g v e c t o r mode b e i n g 
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t h a t t h e i n c r e m e n t s a r e s t o r e d as two i n a s i n g l e w o r d o r as 
two s e p a r a t e w o r d s . S h o r t v e c t o r mode a l l o w s a 6 b i t c o -
o r d i n a t e i n c r e m e n t , g i v i n g a maximum v a l u e o f 63 u n i t s , 
w h i l s t i n o l o n g v e c t o r mode 10 b i t s , r e p r e s e n t i n g t h e f u l l 
s c r e e n l i m i t o f 1023, i s a v a i l a b l e . P o i n t mode, e i t h e r a b -
s o l u t e o r r e l a t i v e , e s t a b l i s h e s a beam p o s i t i o n . R e l a t i v e 
mode uses a s i n g l e w o r d t o s t o r e b o t h t h e beam x and y i n -
c r e m e n t s and t h e r e f o r e each i s r e s t r i c t e d t o a max-
imum o f 63 u n i t s . Graph x / y modes a r e a v a i l a b l e f o r use i n 
p l o t t i n g d a t a where e i t h e r t h e x o r y c o - o r d i n a t e i n c r e -
m ents u n i f o r m l y ; t h i s mode i s n e v e r used by t h e GTX s y s t e m . 
O t h e r f u n c t i o n s c o n t a i n e d w i t h i n t h e S e t G r a p h i c Mode 
i n s t r u c t i o n a r e an i n t e n s i t y v a l u e i n t h e r a n g e 0 t o 7, 
l i g h t o r d a r k v e c t o r , b l i n k mode o p e r a t i o n , l i n e t y p e s e l e c -
t i o n and l i g h t pen i n t e r r u p t e n a b l e . T h i s l a t t e r f u n c t i o n 
can be used t o a l l o w c e r t a i n d i s p l a y s e g m e n t s t o be s e n s i -
t i v e t o l i g h t pen i n t e r a c t i o n w h i l s t o t h e r s a r e n o t . T h a t 
i s , t h e programmer can d e c i d e w h i c h a r e a s o f t h e s c r e e n o r 
i t e m s d i s p l a y e d a r e a f f e c t e d by t h e u s e r p o i n t i n g t h e l i g h t 
pen a t them. 
The Load S t a t u s R e g i s t e r A i n s t r u c t i o n c o n t a i n s b i t s 
t o s t o p t h e d i s p l a y , s e l e c t c h a r a c t e r f o n t t y p e and p r o v i d e 
s y n c h r o n i s a t i o n w i t h t h e l i n e c l o c k . T h i s l a t t e r f u n c t i o n 
may be used t o a t t e m p t t o m a i n t a i n an image whose i n t e n s i t y 
i s ' i n d e p e n d e n t o f t h e amount o f d a t a d i s p l a y e d . S i n c e t h e 
DPU c y c l e s t h r o u g h t h e d i s p l a y f i l e , r e f r e s h i n g t h e d i s p l a y 
s c r e e n , i t w o u l d n o r m a l l y p r o d u c e a dimmer image as more 
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d a t a i s added t o t h e d i s p l a y f i l e , s i n c e t h e r e f r e s h r a t e 
w o u l d d e c r e a s e . By h a l t i n g t h e DPU and r e s t a r t i n g i t on t h e 
n e x t c l o c k c y c l e ^ a 50Hz r e f r e s h r a t e , r e s u l t i n g i n a c o n -
s t a n t i n t e n s i t y i m a ge, c a n be o b t a i n e d . However i f t h e c y -
c l e t i m e o f t h e DPU t h r o u g h t h e d i s p l a y f i l e e x c e e d s 20ms, 
t h e n t h e d i s p l a y w i l l a p p e a r t o f l i c k e r , s i n c e t h e d i s p l a y 
w i l l w a i t t i l l t h e s t a r t o f t h e n e x t c l o c k c y c l e , t h a t i s an 
i n t e r v a l o f 40ms, b e f o r e r e s t a r t i n g . Thus c h o i c e o f w h e t h e r 
t o e m p l o y s y n c h r o n i s a t i o n w i t h t h e l i n e f r e q u e n c y i s n o t a l -
ways o b v i o u s . 
The Load S t a t u s R e g i s t e r B i n s t r u c t i o n i s u s e d f o r 
s e t t i n g t h e g r a p h p l o t i n c r e m e n t when g r a p h mode i s i n o p e r a -
t i o n . I t w i l l n o t be m e n t i o n e d f u r t h e r . 
1.4 S o f t w a r e A s p e c t s 
The s y s t e m i s e n t i r e l y w r i t t e n i n MACRO-11, an assem-
b l e r f o r PDP-11 m a c h i n e s r u n n i n g u n d e r t h e RT-11 o p e r a t i n g 
s y s t e m . However, t h e p r i m i t i v e n e s s o f t h e a s s e m b l e r 
l a n g u a g e i s t e m p e r e d by t h e a d d i t i o n o f s t r u c t u r e d m a c r o s , 
w h i c h impose h i g h l e v e l c o n t r o l f u n c t i o n s on t h e u n d e r l y -
i n g c o d e . These i n c l u d e s i m p l e I F ..... ELSE and LOOP 
REPEAT macros w h i c h g e n e r a t e t e s t and b r a n c h t y p e i n -
s t r u c t i o n s . I n more d e t a i l t h e m acros a v a i l a b l e , a r r a n g e d 
i n g r o u p s , a r e :-
/' 
1) PUSH, POP, LOSE 
2) CALL, RETURN 
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3) I F EQ (LT, LE,GT,GE) <ELSE> ENDIF 
4) LOOP <BREAK (EQ,LT,LE,GT,GE)> REPEAT 
<(EQ,LT,LE rGT,GE)> 
The g r o u p 1) macros p r o v i d e f o r p l a c i n g i t e m s on t h e s t a c k 
(PUSH), t a k i n g i t e m s o f f t h e s t a c k (POP) and d r o p p i n g i t e m s 
f r o m t h e s t a c k (LOSE). A maximum o f s i x a r g u m e n t s i s a l -
l o w e d f o r each m a c r o . They a r e t y p i c a l l y used f o r s a v i n g 
r e g i s t e r s on t h e s t a c k as i n 
PUSH R0,R2 
and r e s t o r i n g them a f t e r use 
POP R2,R0 
LOSE i s used i n a s i t u a t i o n where t h e s t a c k p o i n t e r i s a d -
j u s t e d u p w a r d s by a number o f w o r d s , f o r e x a m p l e 
LOSE 3 
w h i c h w i l l a d v a n c e t h e s t a c k p o i n t e r by 3 w o r d s . 
The s e c o n d p a i r o f macros s i m p l y p r o v i d e s f o r a 
h i g h l e v e l c a l l / r e t u r n i n t e r f a c e f o r s u b r o u t i n e r e f e r e n c e . 
Here t h e y a r e s i m p l y r e p l a c e d by t h e f o l l o w i n g i n s t r u c t i o n s 
CALL SUBR ===> JSR PC,SUBR 
RETURN ===> RTS PC 
I n ' a more g e n e r a l c a se t h e s e c o u l d be ex p a n d e d t o p r o v i d e 
a u t o m a t i c r e g i s t e r s a v i n g and r e s t o r a t i o n on s u b r o u t i n e e n -
t r y and e x i t . I n GTX most s u b r o u t i n e s use o n l y two o r t h r e e 
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wor k r e g i s t e r s , so t h e c o n v e n t i o n a d o p t e d i s t h a t i t i s t h e 
r e s p o n s i b i l i t y o f t h e c a l l e d r o u t i n e t o p r e s e r v e t h e i n -
t e g r i t y o f any r e g i s t e r s i t u s e s . 
G r o u p s 3) and 4) a r e more s u b s t a n t i a l u n d e r t a k i n g s , 
g i v e n t h a t n e s t i n g o f t h e s e t y p e s o f c o n t r o l f u n c t i o n s i s 
a l l o w e d . I n e s s e n c e w h a t i s r e q u i r e d i s a macro v a r i a b l e t o 
h o l d t h e n e s t i n g l e v e l and a n o t h e r v a r i a b l e t o s t o r e t h e 
g e n e r a t e d l a b e l s e q u e n c e c o u n t e r . The f i r s t i s i n c r e m e n t e d 
on e n t r y t o each I F c l a u s e and d e c r e m e n t e d on e x i t f r o m each 
ENDIF m a c r o . The s e c o n d i s i n c r e m e n t e d f o r e a c h I F macro 
e n c o u n t e r e d . I n t h e ab s e n c e o f an ELSE a l t e r n a t i v e , e ach I F 
< c o n d i t i o n > s t a t e m e n t g e n e r a t e s a b r a n c h i n s t r u c t i o n f o r t h e 
c o m p l e m e n t a r y c o n d i t i o n , t o a l a b e l o f t h e f o r m QQn, where n 
i s t h e l a b e l s e quence v a l u e . I n MACRO-11 f a c i l i t i e s e x i s t 
f o r u s i n g a s y m b o l b o t h as a n u m e r i c v a l u e and a c h a r a c t e r 
s t r i n g o f d i g i t s ^ as w e l l as a l l o w i n g c o n c a t e n a t i o n o f one 
s t r i n g t o a n o t h e r . A t each ENDIF a l a b e l o f t h e f o r m QQn i s 
o u t p u t , t o s e r v e as t a r g e t f o r t h e c o n d i t i o n a l b r a n c h o f t h e 
c o r r e s p o n d i n g I F s t a t e m e n t . 
W i t h ELSE c a p a b i l i t y a l i t t l e more c a r e i s n e e d e d . On 
e n c o u n t e r i n g an ELSE, an u n c o n d i t i o n a l b r a n c h i s made t o a 
l a b e l w h i c h w i l l a p p e a r a t t h e c o r r e s p o n d i n g ENDIF and i s 
o f t h e f o r m QZn where n i s t h e l a b e l s e q u e n c e . T h i s ' i s f o l -
l o w e d by o u t p u t o f a l a b e l QQn, w h i c h i s t h e t a r g e t f o r t h e 
c o r r e s p o n d i n g c o n d i t i o n a l b r a n c h o f t h e o r i g i n a l I F s t a t e -
m e n t . The n e s t l e v e l i s t h e n n e g a t e d . A l l t h a t r e m a i n s now 
i s t h a t a t ENDIF t h e n e s t l e v e l i s t e s t e d . I f p o s i t i v e a QQ 
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l a b e l i s o u t p u t as b e f o r e , b u t i f n e g a t i v e a QZ l a b e l i s 
p r o d u c e d . W i t h an i l l u s t r a t i o n t h e r e q u i r e m e n t s may be a 
l i t t l e c l e a r e r . 
I F EQ BNE QQ1 
0 0 * 0 0 0 • o • » 0 • 
• 0 * 0 0 0 • » • • • • 
I F LE BGT QQ2 
ENDIF QQ2: 
ELSE BR QZ1 
QQ1: 
ENDIF QZ1: 
S t r u c t u r e d Macro - I n s t r u c t i o n and L a b e l G e n e r a t i o n 
A s i m i l a r a p p r o a c h i s used f o r t h e LOOP .... REPEAT 
c o n s t r u c t i o n w h i c h has t h e o p t i o n o f a BREAK s t a t e m e n t i n 
t h e l o o p body. An exa m p l e o f such a c o n s t r u c t i o n i s shown 
h e r e , where a s e a r c h i s b e i n g made o f a l i n k e d l i s t f o r a 







A p p e n d i x A . l c o n t a i n s a c o m p l e t e 
m a cros u s e d , 
The GTX s y s t e m i s d i v i d e d 
; p o i n t e r t o head o f l i s t 
; i s i t t h e one we w a n t ? 
; y e s , g e t o u t 
; n o , g e t n e x t l i s t e l e m e n t 
; and l o o k o u t f o r end o f l i s t 
l i s t i n g o f t h e s t r u c t u r e d 
i n t o s i x m o d u l e s , each 
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s e p a r a t e l y a s s e m b l e d t o g e t h e r w i t h a m o d u l e c o n t a i n i n g com-
mon s y m b o l d e f i n i t i o n s and g l o b a l d e c l a r a t i o n s . These 
m o d u l e s and t h e i r f u n c t i o n s a r e as f o l l o w s :-
GTMAIN 
t h e m a i n p r o g r a m . P e r f o r m s t h e b a s i c p r o -
c e s s i n g l o o p and h a n d l e s c o m m u n i c a t i o n s a s -
p e c t s . 
GTDEV 
d e a l s w i t h d e v i c e commands 
GTSCRN 
p r o v i d e s management f o r t h e ' n i b b l e ' p o o l 
and h a n d l e s t e x t c h a r a c t e r s f o r t h e s c r o l l 
a r e a s o f t h e s c r e e n . 
GTGRAF 
p r o v i d e s t h e b a s i c g r a p h i c a l p r i m i t i v e s , 
h a n d l e s t h e d i s p l a y f i l e management i n c l u d -
i n g t h e l i g h t pen o p e r a t i o n . 
GTCI 
c h a r a c t e r i n t e r p r e t e r . D e a l s w i t h a l l c h a r -
a c t e r s r e c e i v e d f r o m t h e h o s t a c c o r d i n g t o 
t h e IG p r o t o c o l . 
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GTUTIL 
a s s o r t e d u t i l i t y r o u t i n e s f o r i n t e r n a l t o 
e x t e r n a l c o n v e r s i o n , c h a r a c t e r s t r i n g o u t p u t 
e t c . 
The o b j e c t m o d u l e s p r o d u c e d by a s s e m b l i n g t h e s e s o u r c e 
m o d u l e s a r e t h e n l i n k e d t o g e t h e r u s i n g t h e L I N K - 1 1 l i n k a g e 
e d i t o r . The r e s u l t i n g image when l o a d e d o c c u p i e s a p p r o x i -
m a t e l y 4K b y t e s o f memory. The commands n e c e s s a r y t o g e n -
e r a t e t h e GTX s y s t e m a r e g i v e n i n A p p e n d i x A.3. 
1.5 The P r o c e s s i n g Loop 
The m a i n p r o c e s s i n g l o o p i n GTMAIN i s e x t r e m e l y s i m p l e 
and r e l i e s on a ' p o l l i n g ' o f each d e v i c e i n p u t queue t o see 
i f a c h a r a c t e r i s a v a i l a b l e t o be d e a l t w i t h . By ' d e v i c e ' 
i s meant t h e c o n s o l e k e y b o a r d o r t h e h o s t s y s t e m s t o w h i c h 
t h e s y s t e m i s c o n n e c t e d . I n e s s e n c e i t s o p e r a t i o n r u n s as 
f o l l o w s . 'Examine each d e v i c e queue i n t u r n l o o k i n g f o r a 
c h a r a c t e r t o p r o c e s s . I f t h e r e i s n o n e , c o n t i n u e w i t h 
t h e n e x t d e v i c e i m m e d i a t e l y . F o l l o w i n g t h e l a s t d e v i c e 
u p d a t e t h e s t a t u s d i s p l a y a r e a , i f n e c e s s a r y , and c o n t i n u e 
a g a i n w i t h t h e f i r s t d e v i c e ' . P r o c e s s i n g t h u s o c c u r s 
on a s i n g l e c h a r a c t e r p e r d e v i c e b a s i s r a t h e r t h a n , d e a l i n g 
w i t h s e v e r a l c h a r a c t e r s f o r a d e v i c e b e f o r e p r o c e e d i n g 
w i t h t h e n e x t one. 
/' 
P r o c e e d i n g t o l o o k a t t h i s i n a l i t t l e more d e t a i l , a 
r o u t i n e CHARIN d e a l s w i t h c h a r a c t e r s f r o m t h e k e y b o a r d and a 
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c h a r a c t e r i n t e r p r e t e r ( C I ) m o d u l e d e a l s w i t h c h a r a c t e r s f r o m 
t h e h o s t s y s t e m s . The k e y b o a r d r o u t i n e f i r s t l o o k s f o r 
c h a r a c t e r s such as c u r s o r c o n t r o l , i n t e r r u p t , d e l e t e o r t a b 
c h a r a c t e r s w h i c h have s p e c i a l s i g n i f i c a n c e . O t h e r c h a r a c -
t e r s a r e i n s e r t e d i n t h e t y p e - a h e a d l i n e u n t i l a c a r r i a g e 
r e t u r n c h a r a c t e r i s r e c e i v e d . A t t h i s p o i n t t h e c h a r a c t e r s 
a r e n o r m a l l y t r a n s m i t t e d t o t h e a c t i v e h o s t s y s t e m , w h i c h i s 
r e s p o n s i b l e f o r e c h o i n g o f t h e c h a r a c t e r s . S h o r t d e v i c e 
command l i n e s , w h i c h s p e c i f y an a t t r i b u t e o f t h e l o c a l s y s -
tem,' a r e s c a n n e d f o r a t t h i s s t a g e , t h a t i s on l i n e t e r m i n a -
t i o n . 
The c h a r a c t e r i n t e r p r e t e r m o d u l e , w h i c h d e a l s 
w i t h c h a r a c t e r s f r o m t h e h o s t s y s t e m s , f u n c t i o n s i n two 
b a s i c modes, t e x t and g r a p h i c . I n t e x t mode, c h a r a c t e r s 
r e c e i v e d a r e d i s p l a y e d i n a s e c t i o n o f t h e s c r e e n s e t a s i d e 
f o r t h a t p a r t i c u l a r h o s t and t h e s y s t e m f u n c t i o n s as a n o r -
mal t e r m i n a l . I n g r a p h i c s mode, c h a r a c t e r s r e c e i v e d a r e 
i n t e r p r e t e d a c c o r d i n g t o t h e p r o t o c o l u s e d and n o r m a l l y 
d i s p l a y p i c t u r e d a t a u s i n g t h e f u l l a r e a o f t h e s c r e e n . 
C h a r a c t e r r e c e p t i o n f r o m t h e two h o s t s f u n c t i o n s i n d e p e n -
d e n t l y i n t e x t mode b u t n o t i n g r a p h i c s mode. I n t h e 
l a t t e r c a s e one h o s t may send a c o n t r o l c h a r a c t e r w h i c h 
r e - i n i t i a l i s e s t h e s c r e e n , t h e r e b y l o s i n g any t e x t o r 
g r a p h i c s r e c e i v e d f r o m t h e o t h e r h o s t . 
/ 
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INTRODUCTION 
The m a i n f u n c t i o n s i n v o l v e d i n t h e p r o c e s s i n g a r e i l -
l u s t r a t e d i n f i g 1.3. Some o f t h e f e a t u r e s shown t h e r e have 
n o t y e t been m e n t i o n e d ; t h i s d i a g r a m s h o u l d be r e f e r r e d t o 
as t h e s e i t e m s a r e d i s c u s s e d . 
INPUT OUTPUT 
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t o a c t i v e 
h o s t 
h a r d I 
c o p y I 
1 
t e x t I 
s c r o l l I 
1 
- > I g r a p h i c s 
I — 
GTX M a i n F u n c t i o n s 
F i g 1.3 
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MEMORY MANAGEMENT AND COMMUNICATIONS 
2.1 D e v i c e H a n d l i n g 
The b a s i c d e v i c e c o m p o n e n t s o f t h e s y s t e m , as shown i n 
f i g 2 . 1 , a r e r e q u i r e d f o r f u l l u t i l i s a t i o n o f t h e s y s t e m s 
c a p a b i l i t i e s . 
I 1 I = 1 
I I I I 
I v r l 7 I I d e c w r i t e r I 
I r e f r e s h e d I I c o n s o l e I 
I d i s p l a y I I d l - l l a I 
I I I I 
I — I I 1 
I I I I 
I I I I 
I I I I 
I I I I I I 
I I I I I I 
I I I I I I 
I 1 I 1 I 1 
I I I I I I 
I 16K c o r e I I d l - l l c I I d l - l l c I 
I memory I I i n t e r f a c e I I i n t e r f a c e I 
I I I I I I 
I 1 I 1 I 1 
B a s i c S y stem Components 
F i g 2.1 
The c o n s o l e , p r o v i d i n g k e y b o a r d and h a r d c o p y p r i n t i n g f u n c -
t i o n s , i s c o n n e c t e d t o t h e UNIBUS by a DL-11A i n t e r f a c e a t 
a speed o f 300 b p s . The two DL-11C i n t e r f a c e s , o p e r a t i n g a t 
a f i x e d speed o f 2 4 0 0 b p s , p r o v i d e c o m m u n i c a t i o n w i t h t h e 
h o s t s y s t e m s r e q u i r e d . The c o m b i n a t i o n o f t h e VR17 r e -
f r e s h e d d i s p l a y s c r e e n and t h e c o r e memory i s o f t e n r e -
f e r r e d t o as a 'GT40', t h i s b e i n g t h e name g i v e n t o a p a c k -
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aged v a r i a n t o f t h i s e q u i p m e n t by t h e m a n u f a c t u r e r . 
A p a r t f r o m t h e d i f f e r i n g s p e e d , t h e f u n c t i o n a l s p e c i f -
i c a t i o n s o f t h e c o m m u n i c a t i o n s i n t e r f a c e s a r e v e r y s i m i l a r 
( s e e r e f 1 0 ) . The m a i n d i f f e r e n c e b e t w e e n t h e DL-11A and 
t h e DL-11C i s t h a t t h e f o r m e r i s u n a b l e t o i n d i c a t e c h a r a c -
t e r f r a m i n g e r r o r s on r e c e p t i o n o r t o e f f e c t a b r e a k c o n d i -
t i o n on t r a n s m i s s i o n . B o t h t h e r e c e i v e r and t r a n s m i t t e r 
s e c t i o n s o f t h e i n t e r f a c e s have a c o n t r o l and s t a t u s r e g i s -
t e r (CSR) and a d a t a b u f f e r r e g i s t e r (DBR). These r e g i s t e r s 
a r e a d d r e s s e d t h r o u g h t h e f o l l o w i n g l o c a t i o n s :-
I d e v i c e I r e c e i v e I r e c e i v e I t r a n s m i t I t r a n s m i t I 
I I CSR I DBR I CSR I DBR I 
I k l - 1 1 I 177560 I 177562 I 177564 I 177566 I 
I d l - 1 1 / 1 I 175610 I 175612 I 175614 I 175616 I 
I d l - 1 1 / 2 I 175620 I 175622 I 175624 I 175626 I 
D e v i c e R e g i s t e r A d d r e s s e s 
T a b l e 2.2 
W i t h i n a d e v i c e t h e r e l a t i v e p o s i t i o n i n g o f t h e r e g i s -
t e r s i s i d e n t i c a l ; t h u s t h e o n l y d e v i c e d e p e n d e n t d a t a r e -
q u i r e d i s t h e 'base a d d r e s s 1 o f t h e d e v i c e , t a k e n t o be t h e 
CSR. F u l l d e t a i l s o f t h e s p e c i f i c a t i o n and l a y o u t o f t h e 
r e g i s t e r s can be f o u n d i n r e f 10» o n l y t h o s e a s p e c t s 
deemed r e l e v a n t t o t h i s a p p l i c a t i o n w i l l be m e n t i o n e d h e r e . 
A t t h i s p o i n t i t may be u s e f u l t o c l a r i f y t h e o p e r a -
t i o n o f a PDP-11 p r o c e s s o r u n d e r t h e i n f l u e n c e o f an e x t e r -
n a l i n t e r r u p t , s u ch as m i g h t o c c u r f r o m one o f t h e s e d e v -
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i c e s . Two i n t e r n a l p r o c e s s o r r e g i s t e r s p l a y an i m p o r t a n t 
p a r t i n t h i s s i t u a t i o n . The p r o g r a m c o u n t e r (PC) a d d r e s s e s 
t h e n e x t p r o c e s s o r i n s t r u c t i o n t o be e x e c u t e d . The p r o c e s -
s o r s t a t u s w o r d (PSW) h o l d s i n f o r m a t i o n a b o u t t h e c u r r e n t 
s t a t e o f t h e p r o c e s s o r ; i n t h e c a s e o f a PDP-11/20 t h e e l e -
m e n t s o f t h e PSW a r e as f o l l o w s :-
15 . . . b i t 7 6 5 4 3 2 1 0 
I UNUSED I P R I O R I T Y I ICONDITION I 
I I I I CODES I 
The P r o c e s s o r S t a t u s Word (PSW) 
F i g 2.3 
The p r o c e s s o r o p e r a t e s a t one o f e i g h t l e v e l s o f 
p r i o r i t y 0-7. D e v i c e s o f a h a r d w a r e p r i o r i t y l e s s t h a n o r 
e q u a l t o t h e c u r r e n t p r i o r i t y c a n n o t i n t e r r u p t t h e p r o c e s -
s o r . Thus t h e p r i o r i t y scheme p r o v i d e s an e f f e c t i v e i n t e r -
r u p t mask. 
The c o n d i t i o n c odes c o n t a i n i n f o r m a t i o n on t h e r e s u l t 
o f t h e l a s t CPU i n s t r u c t i o n e x e c u t e d and a r e s e t as f o l l o w s 
b i t 3 (N) - s e t i f t h e r e s u l t was n e g a t i v e 
b i t 2 (Z) - s e t i f t h e r e s u l t was z e r o 
b i t 1 (V) - s e t i f t h e i n s t r u c t i o n r e s u l t e d i n an a r i t h -
m e t i c o v e r f l o w 
b i t 0 (C) - s e t i f t h e i n s t r u c t i o n r e s u l t e d i n a c a r r y 
f r o m t h e most s i g n i f i c a n t b i t 
When an i n t e r r u p t o c c u r s t h e c u r r e n t PC and PSW 
v a l u e s a r e pushed o n t o t h e s t a c k , a d d r e s s e d t h r o u g h a g e n -
e r a l r e g i s t e r , and new v a l u e s f o r t h e s e r e g i s t e r s t a k e n 
f r o m an a r e a i n memory s p e c i f i c t o t h e d e v i c e c o n c e r n e d . 
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T h i s a r e a i s known as t h e i n t e r r u p t v e c t o r f o r t h e d e v i c e 
and t h e p r o g r a m module a d d r e s s e d t h r o u g h t h e new p r o g r a m 
c o u n t e r i s c a l l e d t h e I n t e r r u p t S e r v i c e R o u t i n e ( I S R ) . 
G e n e r a l l y t h e v a l u e o f t h e c o n d i t i o n c o d e s i n t h e PSW l o a d -
ed f r o m t h e i n t e r r u p t v e c t o r i s n o t o f d i r e c t c o n s e -
quence and can be used f o r o t h e r p u r p o s e s , as we s h a l l s e e . 
N o r m a l l y upon c o m p l e t i o n o f t h e ISR t h e r e v e r s e o p e r a t i o n 
o c c u r s , i . e . t h e s a v e d v a l u e s o f t h e PSW and PC a r e r e s t o r e d 
f r o m t h e s t a c k , t h u s c o n t i n u i n g t h e p r o c e s s o r f r o m t h e 
p o i n t a t w h i c h i t was i n t e r r u p t e d . 
R e t u r n i n g t o t h e d e v i c e s u n d e r c o n s i d e r a t i o n , t h e i r 
i n t e r r u p t v e c t o r l o c a t i o n s a r e as f o l l o w s :-
X j 1 
I d e v i c e I r e c e i v e r I t r a n s m i t t e r I 
I I v e c t o r I v e c t o r I 
I 1 1 1 
I k l - 1 1 I 60 I 64 I 
I . — i 1 1 
I d l - 1 1 / 1 I 300 I 304 I 
I 1 1 1 
I d l - 1 1 / 2 I 310 I 314 I 
I 1 1 1 
D e v i c e I n t e r r u p t V e c t o r s 
T a b l e 2.4 
As b e f o r e , t h e r e c e i v e r i n t e r r u p t v e c t o r l o c a t i o n p r o v i d e s 
t h e d e v i c e d e p e n d e n c y . 
The method used t o p r o v i d e common d e v i c e s u p p o r t i s 
now o u t l i n e d . S i n c e t h e d e v i c e s a r e i n h e r e n t l y s i m i l a r , 
a common c o r e o f d e v i c e s u p p o r t i s c l e a r l y f e a s i b l e ; t h e 
q u e s t i o n w h i c h n a t u r a l l y a r i s e s i s , c an t h e c o m m o n a l i t y be 
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t o t a l ? T h a t i s , c a n t h e d e v i c e s s h a r e a s i n g l e i n t e r r u p t 
s e r v i c e r o u t i n e ? 
I f t h e P5W i s used t o d i s t i n g u i s h t h e d e v i c e s , t h e n 
a common ISR c an i n d e e d be a c h i e v e d . S i n c e t h e p r o c e s -
s o r p r i o r i t y i s n o r m a l l y s e t i d e n t i c a l l y f o r d e v i c e s o f t h e 
same t y p e , i n t h i s c a s e p r i o r i t y 5, t h e c o n d i t i o n code 
b i t s o f t h e PSW a r e u t i l i s e d t o p r o v i d e t h e d e v i c e 
s e p a r a t i o n . They a r e s e t t o 0,1,2 f o r t h e r e s p e c t i v e d e v -
ice s . . Thus t h e minimum i n f o r m a t i o n r e q u i r e d t o s p e c i f y t h e 
d e v i c e s i s g i v e n i n t a b l e 2.5 :-
I 1 - I - - I - I 
I d e v i c e l i n t e r r u p t I base I i n t e r r u p t . I 
I I j j _ 
l o c a t i o n I 
T _ 
a d d r e s s I 
_ T — 
PSW I 
T 











T j J _ 
I d l - 1 1 / 1 1 












T X — X







I 1 - i - - i - I 
C o m m u n i c a t i o n s D e v i c e T a b l e 
T a b l e 2.5 
T h i s method can be used f o r a maximum o f 16 d e v i c e s o f 
t h e same t y p e . I n GTX t h e above i n f o r m a t i o n i s s t o r e d i n a 
d e v i c e t a b l e , t o g e t h e r w i t h an a r e a f o r s a v i n g t h e o r i g i n a l 
i n t e r r u p t v e c t o r s . 
The s equence o f e v e n t s f o l l o w i n g a r e c e i v e r i n t e r r u p t 
f r o m one o f t h e s e d e v i c e s r u n s as f o l l o w s . F i r s t l y , t h e 
h a r d w a r e s a v e s on t h e s t a c k t h e o l d p r o g r a m c o u n t e r and p r o -
c e s s o r s t a t u s w o r d and l o a d s t h e new v a l u e s f r o m t h e i n t e r -
r u p t v e c t o r f o r t h e d e v i c e . I n t h e i n t e r r u p t s e r v i c e r o u -
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t i n e t h e new PSW i s i m m e d i a t e l y p u s h e d on t h e s t a c k , f o l -
l o w e d by t h e s a v e d r e g i s t e r s used i n t h e r o u t i n e . Then t h e 
c o d i t i o n code b i t s o f t h e s t a c k e d PSW a r e c h e c k e d t o a s c e r -
t a i n w h i c h d e v i c e c a u s e d t h e i n t e r r u p t . T h i s p a r t i c u l a r s e -
quence o f o p e r a t i o n s i s r e q u i r e d , s i n c e s a v i n g t h e r e g i s t e r s 
( b y a MOV i n s t r u c t i o n ) s e t s t h e c o n d i t i o n code b i t s o f t h e 
PSW, t h e r e b y d e s t r o y i n g t h o s e used t o i d e n t i f y t h e d e v i c e . 
The s t a c k s t a t u s d u r i n g t h e p r o c e s s i n g o f an i n t e r r u p t i s 
p i c t u r e d b e l o w . 
s t a c k p o i n t e r 
b e f o r e i n t e r r u p t -> 
a f t e r i n t e r r u p t -> 
s t a c k 
i n i n t e r r u p t r o u t i n e -> 
o l d pc 






S t a c k s t a t u s d u r i n g c h a r a c t e r i n t e r r u p t r o u t i n e 
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2.2 Memory L a y o u t 
The GTX s y s t e m , a l t h o u g h e s s e n t i a l l y a s t a n d a l o n e 
s y s t e m n o t u t i l i s i n g any o f t h e f a c i l i t i e s o f RT-11, c o -
r e s i d e s i n memory w i t h t h e r e s i d e n t p o r t i o n o f t h e RT-11 
o p e r a t i n g s y s t e m . I n t h i s way an 'escape' back i n t o t h e l o -
c a l s y s t e m i s p o s s i b l e . For a f u l l e r e x p l a n a t i o n o f w h i c h 
p a r t s o f RT-11 a r e r e s i d e n t t h e r e a d e r i s r e f e r r e d t o r e f e r -
ence 1 1 . The l a y o u t o f memory a p p e a r s :-
I====:=== = = :== = = = ===:=== ==:=I 
I I 
I r e s i d e n t p a r t o f I 
I RT-11 o p e r a t i n g I 
I s y s t e m I 
I I 
I .'. I 
I I 
I g r a p h i c s ' n i b b l e ' I 




I GTX p r o g r a m and I 
I d a t a a r e a I 
I I 
1000 I I 
I I 
I s t a c k a r e a I 
I I 
X o o o o o 0 O O O O o e o o o o o » O 0 » a o X 
I I 
I i n t e r r u p t v e c t o r s I 
I I 
0 I = = = == = = = = = = = = =: = = = = = = = = = I 
S y s t em Memory L a y o u t 
F i g u r e 2.6 
The GTX code and d a t a a r e a s t a r t a t o c t a l l o c a t i o n 
1000, i m m e d i a t e l y a d j a c e n t t o t h e downward e x t e n d i n g s t a c k 
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a r e a . The a r e a o f memory b e t w e e n t h e t o p o f GTX and t h e 
b o t t o m o f t h e RT-11 r e s i d e n t s e c t i o n i s a l l o c a t e d t o a l i s t 
o f g r a p h i c s ' n i b b l e s ' , e a c h 64 b y t e s i n s i z e . T h i s a r e a i s 
d y n a m i c a l l y s h a r e d b e t w e e n g r a p h i c s e l e m e n t s i n use and a 
f r e e p o o l o f a v a i l a b l e e l e m e n t s . The number o f f r e e g r a p h -
i c s n i b b l e s i s d i s p l a y e d i n t h e s t a t u s a r e a a t t h e b o t t o m o f 
t h e s c r e e n . 
When t h e GTX s y s t e m i s s t a r t e d , an i n i t i a l i s a t i o n p r o -
c e d u r e i s u n d e r t a k e n , w h i c h s t o r e s t h e i n t e r r u p t v e c t o r s f o r 
t h e c o m m u n i c a t i o n s d e v i c e s , as used by RT-11, i n a save a r e a 
and r e p l a c e s them w i t h t h o s e o f i t s own. T h i s a l l o w s an 
o r d e r l y r e t u r n t o be made t o RT-11 a t some l a t e r s t a g e . 
2.3 N i b b l e Management 
The management o f t h e n i b b l e p o o l i s p r o b a b l y t h e s i n -
g l e most i m p o r t a n t p a r t o f t h e s y s t e m , s i n c e i t i s used n o t 
o n l y f o r a l l t h e g r a p h i c a l and t e x t u a l i n f o r m a t i o n d i s p l a y e d 
on t h e s c r e e n b u t a l s o f o r i n p u t / o u t p u t b u f f e r i n g f u n c t i o n s . 
Two p r i m i t i v e s e x i s t f o r o b t a i n i n g and r e t u r n i n g n i b b l e s , 
p e r f o r m e d by t h e r o u t i n e s NBLGET and NBLGIV r e s p e c t i v e l y . 
B o t h o f t h e s e r o u t i n e s u p d a t e a f r e e n i b b l e queue head and a 
n i b b l e e l e m e n t c o u n t . NBLGET r e t u r n s a p o i n t e r t o . t h e new 
n i b b l e o b t a i n e d , w h i l s t NBLGIV r e c e i v e s a p o s s i b l e c h a i n 
o f n i b b l e s b e i n g r e t u r n e d t o t h e f r e e p o o l . NBLGIV t a k e s 
two p a r a m e t e r s , t h e head and t a i l o f t h e u n w a n t e d c h a i n . 
T h i s i s p a r t i c u l a r l y u s e f u l when an e n t i r e g r a p h i c s segment 
-30 -
COMMUNICATIONS 
i s b e i n g d e l e t e d , s i n c e o n l y two i n s t r u c t i o n s a r e i n v o l v e d . 
B u i l t a r o u n d t h e s e p r i m i t i v e s a r e two m a c r o s , NBLBYT 
and NBLWRD, used by t h e g r a p h i c s f u n c t i o n s t o i n s e r t a c h a r -
a c t e r ( b y t e ) o r a word i n t o an open d i s p l a y s e g m e n t . They 
r e q u i r e as p a r a m e t e r s a p o i n t e r t o t h e most r e c e n t l y i n s e r t -
ed c h a r a c t e r ( w o r d ) and a b y t e c o u n t o f t h e sp a c e r e m a i n i n g 
i n t h e c u r r e n t n i b b l e . These u p d a t e d v a l u e s a r e t h e n r e -
t u r n e d t o t h e c a l l i n g p r o c e d u r e , r e f l e c t i n g a n y c h a n g e s , 
s u c h as new n i b b l e a c q u i s i t i o n , when n e c e s s a r y . I f t h e 
l a t t e r was r e q u i r e d , t h e n c h a i n i n g o f t h e new n i b b l e t o t h e 
d i s p l a y segment i s a u t o m a t i c a l l y e n s u r e d . 
2.4 C h a r a c t e r I n p u t and Output 
On r e c e p t i o n f r o m t h e k e y b o a r d o r t h e r e m o t e h o s t s , 
c h a r a c t e r d a t a i s c o l l e c t e d by t h e i n t e r r u p t s e r v i c e r o u t i n e 
f o r l a t e r p r o c e s s i n g by t h e m a i n p r o g r a m l o o p . The ISR 
makes c a l l s t o t h e PUTC r o u t i n e t o p e r f o r m t h i s f u n c t i o n . 
I n PUTC a l l b u f f e r i n g i s p e r f o r m e d d y n a m i c a l l y , t h a t i s t h e 
b u f f e r e x t e n t s h r i n k s and gro w s as r e q u i r e d . T h e r e i s no 
l i m i t on t h e b u f f e r s i z e a l l o c a t e d t o a p a r t i c u l a r d e v i c e , 
a p a r t f r o m t h e i n h e r e n t memory l i m i t a t i o n s o f t h e s y s t e m . 
A t i n i t i a l i s a t i o n no b u f f e r s p a c e i s a l l o c a t e d . On, r e c e p -
t i o n o f t h e f i r s t c h a r a c t e r a 64 b y t e a r e a i s o b t a i n e d f r o m 
t h e n i b b l e p o o l . S h o u l d t h e r a t e o f a r r i v a l o f c h a r a c t e r s 
t e m p o r a r i l y e x c e e d t h e p r o c e s s i n g speed o f t h e m a i n p r o g r a m 
l o o p , t h e n f u r t h e r n i b b l e s may be c h a i n e d o n t o t h e i n i t i a l 
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e l e m e n t as r e q u i r e d . 
As c h a r a c t e r s a r e removed f r o m t h e b u f f e r , by c a l l s t o 
t h e GETCHAR r o u t i n e , any d i s u s e d n i b b l e s a r e r e t u r n e d t o t h e 
f r e e p o o l . I f t h e c h a r a c t e r queue e m p t i e s c o m p l e t e l y , 
t h e n t h e n i b b l e c o n t a i n i n g t h e l a s t c h a r a c t e r i s l i k e -
w i s e r e t u r n e d t o t h e f r e e l i s t . When t h e queue i s e m p t y , 
c a l l s t o t h e GETCHAR c h a r a c t e r r o u t i n e , t o e x t r a c t a c h a r -
a c t e r , r e t u r n w i t h t h e c a r r y b i t o f t h e PSW ( f i g 2.3) s e t ; 
i f t h e c a r r y b i t i s c l e a r , i t i n d i c a t e s t h a t a c h a r a c t e r 
was s u c c e s s f u l l y o b t a i n e d . D u r i n g e x t r a c t i o n o f c h a r a c -
t e r s f r o m t h e queue by GETCHAR, t h e p r o c e s s o r p r i o r i t y i s 
r a i s e d t o a l e v e l e q u a l t o t h a t o f t h e DL-11 d e v i c e s . T h i s 
e n s u r e s t h a t c h a r a c t e r b u f f e r i n g and e x t r a c t i o n a r e m u t u -
a l l y e x c l u s i v e o p e r a t i o n s . Two s i m p l e m a c r o s FREEZE and 
THAW, g i v e n i n A p p e n d i x A . l , p r o v i d e t h e t o o l s f o r t h i s 
m e c h a n ism, w h i c h i s used g e n e r a l l y i n ' c r i t i c a l r e g i o n s ' o f 
t h e s y s t e m . 
The d e v i c e b u f f e r , c o n s i s t i n g o f a l i n k e d l i s t o f n i b -
b l e s , i s a c c e s s e d by a l i s t head c o n t a i n i n g t h e c h a r a c t e r 
c o u n t and p o i n t e r s t o t h e f i r s t and l a s t c h a r a c t e r s i n t h e 
queu e . T h i s l i s t h e a d , i n c o n j u n c t i o n w i t h a p o i n t e r t o 
t h e d e v i c e t a b l e , c o n s t i t u t e a l l t h a t i s r e q u i r e d t o d r i v e 
t h a t p a r t i c u l a r d e v i c e , and t o g e t h e r a r e known as t h e 
d e v i c e h e a d e r . F i g 2.7 i l l u s t r a t e s t h e s t r u c t u r e o f a 
d e v i c e h e a d e r . S i n c e t h e n i b b l e e l e m e n t s i z e i s 64 ( o c -
t a l 100) b y t e s , a s i m p l e ' a d d r e s s a r i t h m e t i c ' t e s t , u s i n g 
a mask v a l u e o f o c t a l 7 7 , i s used t o d e t e r m i n e when a n i b -
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S t r u c t u r e o f D e v i c e Header 
F i g 2.7 
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I n t h e s t a n d a r d mode o f o p e r a t i o n t h e s y s t e m i s c a p a -
b l e o f r e c e i v i n g f r o m b o t h h o s t s c o n c u r r e n t l y , w i t h l i t t l e 
b u f f e r i n g o f c h a r a c t e r s b e i n g r e q u i r e d . T h a t i s , t h e m a i n 
l o o p i s a b l e t o e x t r a c t and p r o c e s s c h a r a c t e r s f a s t e r t h a n 
t h e r a t e a t w h i c h c h a r a c t e r s a r e a r r i v i n g . However i f t h e 
c o n s o l e p r i n t e r i s b e i n g used as a h a r d c opy d e v i c e , as w e l l 
as t e x t a p p e a r i n g on t h e d i s p l a y s c r e e n , t h e n f l o w c o n t r o l 
becomes an i m p o r t a n t f a c t o r . T h i s i s be c a u s e t h e p r i n t e r i s 
l i m i t e d t o 300bps w h i l s t e ach r e m o t e l i n e i s r a t e d a t 
24 0 0 b p s . F l o w c o n t r o l c o u l d be e f f e c t e d m a n u a l l y b u t t h i s 
i s t e d i o u s and a l m o s t i m p o s s i b l e i f a l o n g l i s t i n g i s r e -
q u i r e d . W i t h t h i s p o s s i b i l i t y some f o r m o f a u t o m a t i c f l o w 
c o n t r o l was d e c i d e d u p o n , w h i c h w o u l d a p p e a r t o t h e u s e r as 
t h o u g h no b u f f e r i n g was o c c u r r i n g . T h i s c o n t r o l m e chanism 
o c c u r s i r r e s p e c t i v e o f w h e t h e r a h a r d c opy l i s t i n g i s b e i n g 
p r o d u c e d , t h a t i s , i t i s o p e r a t i v e a l l t h e t i m e . I n e s s e n c e 
t h e c h a r a c t e r f l o w i s c o n t r o l l e d a t two p o i n t s , as f o l l o w s . 
F i r s t l y , t h e a r r i v a l o f c h a r a c t e r s f r o m t h e h o s t i s 
g o v e r n e d by a l o w and h i g h ' w a t e r m a r k ' , a s s o c i a t e d w i t h t h e 
number o f c h a r a c t e r s queued f o r t h a t l i n e . When t h e c h a r a c -
t e r c o u n t r i s e s above a p r e - d e t e r m i n e d ' h i g h w a t e r m a r k ' , a 
f l o w c o n t r o l c h a r a c t e r i s s e n t t o t h e h o s t , c a u s i n g i t t o 
cease t r a n s m i t t i n g . When t h e l e v e l f a l l s b e l o w a 
c o r r e s p o n d i n g ' l o w w a t e r m a r k ' , a n o t h e r f l o w c o n t r o l 
c h a r a c t e r i s s e n t , p r o v i d i n g r e s u m p t i o n o f t h e paused o u t -
p u t . T h i s p r o c e s s i s c o m p l e t e l y a u t o m a t i c and t h e u s e r has 
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no c o n t r o l o v e r i t . 
S e c o n d l y , t h e e x t r a c t i o n o f c h a r a c t e r s f r o m t h e d e v i c e 
queue i s g o v e r n e d by t h e s t a t e o f an ' i n t e r n a l ' s w i t c h , 
w h i c h i s c o n t r o l l e d by t h e u s e r t y p i n g t h e f l o w c o n t r o l 
c h a r a c t e r on t h e k e y b o a r d . Thus when t h e u s e r p a u s e s t h e 
f l o w t o t h e s c r e e n o r p r i n t e r , by c h a n g i n g t h i s s w i t c h , i t 
may w e l l be t h a t t h e ' e x t e r n a l ' f l o w f r o m t h e h o s t i s s t i l l 
c o n t i n u i n g ( and v i c e - v e r s a ) . When t h e i n t e r n a l f l o w i s o f f , 
a t t e m p t s t o g e t a c h a r a c t e r f r o m t h e d e v i c e queue by GETCHAR 
a l w a y s f a i l . The s t a t e o f b o t h f l o w s w i t c h e s i s p r e s e n t e d 
i n t h e s t a t u s d i s p l a y , f o r e x a m p l e 
FLOW/H FLOW/U 
177777 000000 
i n d i c a t i n g t h a t f l o w f r o m t h e h o s t i s p a u s e d , w h i l s t t h a t t o 
t h e u s e r i s o n . No t e t h a t a s i n g l e f l o w c o n t r o l 
c h a r a c t e r , s e t by a d e v i c e command, i s used f o r l i m i t i n g b o t h 
t h e e x t e r n a l and i n t e r n a l f l o w o f c h a r a c t e r s . F a i l u r e t o 
s e t t h e c o r r e c t f l o w c h a r a c t e r may l e a d t o m a l f u n c t i o n , 
s i n c e t h e s y s t e m w i l l e v e n t u a l l y r u n o u t o f b u f f e r s p a c e . 
W i t h t h i s b u f f e r i n g i n o p e r a t i o n , a l i t t l e more c a r e 
i s needed i n d e a l i n g w i t h t h e i n t e r r u p t c h a r a c t e r . As w e l l 
as p a s s i n g t h i s c h a r a c t e r i m m e d i a t e l y t o t h e h o s t , w h i c h i n 
t h e case o f b o t h UNIX and MTS has t h e e f f e c t o f s w i t c h i n g on 
c h a r a c t e r f l o w i f i t was o f f , i t i s a l s o n e c e s s a r y t o 
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• f l u s h ' t h e i n t e r n a l b u f f e r o f c h a r a c t e r s a l r e a d y s t o r e d . 
O u t p u t t o t h e h o s t s and k e y b o a r d i s p e r f o r m e d w i t h o u t 
i n t e r r u p t s . T h a t i s , when a c h a r a c t e r i s t o be o u t p u t , t h e 
o u t p u t r o u t i n e PUTCHAR s i m p l y w a i t s f o r t h e d e v i c e t o come 
t o a r e a d y s t a t e b e f o r e t r a n s m i t t i n g t h e c h a r a c t e r . T h i s i s 
done by m o n i t o r i n g a b i t i n t h e d e v i c e c o n t r o l and s t a t u s 
r e g i s t e r . When l o c a l c h a r a c t e r mode, d e s c r i b e d i n C h a p t e r 
3, i s i n o p e r a t i o n , PUTCHAR s i m p l y p a s s e s t h e c h a r a c t e r t o 
PUTC d i r e c t l y , w i t h o u t a d d r e s s i n g t h e d e v i c e . 
As c h a r a c t e r s a r e e x t r a c t e d f r o m t h e k e y b o a r d b u f f e r , 
t h e y a r e d i s p l a y e d i n t h e t y p e - a h e a d l i n e a t t h e b o t t o m o f 
t h e s c r e e n . On r e c e p t i o n o f a c a r r i a g e r e t u r n c h a r a c t e r t h e 
l i n e i s o u t p u t t o t h e h o s t s y s t e m . I f t h e l i n e b e i n g t y p e d 
f i l l s t h e w i d t h o f t h e s c r e e n , t h e f u l l l i n e i s s e n t 
and t h e d i s p l a y l i n e c l e a r e d r e a d y f o r t h e r e s t o f t h e 
l i n e t o be e n t e r e d . 
2.5 D i s p l a y F i l e Management 
The d i s p l a y f i l e t h r o u g h w h i c h t h e VT11 d i s p l a y p r o -
c e s s o r c y c l e s i s c o n s t r u c t e d as a l i s t o f d i s t i n c t s e g m e n t s 
o r s u b - p i c t u r e s , each b e a r i n g an i d e n t i t y t a g and o t h e r 
r e l e v a n t i n f o r m a t i o n i n a h e a d e r b l o c k . Each d i s p l a y s e g -
ment c o n s i s t s o f a t l e a s t one and p o s s i b l y s e v e r a l n i b b l e 
e l e m e n t s , t h e f i r s t o f w h i c h c o n t a i n s t h e h e a d e r i n f o r m a -
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I DHALT I 
I 1 t o n e x t 
I I >> 
I 1 segment 
D i s p l a y Segment S t r u c t u r e 
F i g 2.8 
Each n i b b l e i n t h e segment e x c e p t t h e l a s t ends i n a 
d i s p l a y JUMP i n s t r u c t i o n t o t h e n e x t n i b b l e . The l a s t n i b -
b l e i n t h e segment ends i n a d i s p l a y HALT i n s t r u c t i o n f o l -
l o w e d by t h e a d d r e s s o f t h e n e x t segment h e a d e r i n t h e c h a i n 
o f d i s p l a y s e g m e n t s . T h i s l a t t e r f e a t u r e a l l o w s t h e s y s t e m 
t o m a i n t a i n a ' c u r r e n t l y a c t i v e ' d i s p l a y s e g m e n t , s i n c e t h e 
d i s p l a y HALT i n s t r u c t i o n g e n e r a t e s a p r o c e s s o r i n t e r r u p t on 
t h e PDP 11/10, as w e l l as h a l t i n g t h e VT11 d i s p l a y p r o c e s -
s o r . 
Knowledge o f t h e a c t i v e d i s p l a y segment i s r e q u i r e d 
f o r o p e r a t i o n s i n v o l v i n g t h e l i g h t p e n , f o r i n s t a n c e u s i n g 
t h e t r a c k i n g c r o s s o r s e l e c t i n g a p a r t i c u l a r i t e m f r o m 
amongst t h o s e c u r r e n t l y d i s p l a y e d . I n a d d i t i o n when m a n i p u -
l a t i o n s on a d i s p l a y segment a r e b e i n g p e r f o r m e d , i t may be 
n e c e s s a r y t o w a i t u n t i l t h e d i s p l a y p r o c e s s o r has l e f t t h a t 
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a c t i v e segment b e f o r e m a k i n g t h e a d j u s t m e n t s . The f i v e w o r d 
segment h e a d e r c o n t a i n s t h e f o l l o w i n g i n f o r m a t i o n :-
I 1 
I LASTY I 
I 1 
I LASTX I 
I 1 
I CURR MODE I 
I 1 
I LAST ADDR I 
I 1 
I B Y T E # I SEG#I 
I 1 
- l a s t y c o o r d i n a t e d r a w n i n t h i s segment 
- l a s t x c o o r d i n a t e d r a w n i n t h i s segment 
- c u r r e n t mode ( t e x t o r v e c t o r ) 
- l a s t used a d d r e s s i n segment c h a i n 
- b y t e s r e m a i n i n g i n l a s t n i b b l e 
+ segment number 
D i s p l a y Segment Header 
T a b l e 2.9 
Most o f t h e s e a r e s e l f e x p l a n a t o r y ; one o r two r e q u i r e 
e l a b o r a t i o n . LASTX and LASTY a r e s t o r e d so t h a t i f v e c t o r 
i n f o r m a t i o n i s appended t o t h e d i s p l a y s e g m e n t , a c h o i c e o f 
a s h o r t o r l o n g v e c t o r c a n be made, d e p e n d e n t on t h e c u r r e n t 
mode. LAST ADDR and BYTE# a r e used when i n s e r t i n g d a t a i n t o 
t h e g r a p h i c s n i b b l e by t h e n i b b l e management m a c r o s . 
A l l t h e g r a p h i c s d i s p l a y s e g m e n t s a r e d y n a m i c a l l y 
c r e a t e d and l i n k e d i n t o t h e d i s p l a y c h a i n , w h i c h c o n t a i n s 
t h e f o l l o w i n g p e r m a n e n t s e g m e n t s :-
1) a 50 c y c l e s y n c h r o n i s i n g segment w h i c h c a u s e s t h e 
d i s p l a y p r o c e s s o r t o w a i t and r e s t a r t w i t h t h e n e x t 
c l o c k s i g n a l 
2) a f i x e d s t a t u s l i n e a t t h e b o t t o m o f t h e s c r e e n 
( f i g 1.1) w h i c h c o n t a i n s f i e l d s g i v i n g 
a) t h e c u r r e n t l y a c t i v e s y s t e m and p r i n t e r s t a t u s 
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b) t h e a t t e n t i o n c h a r a c t e r f o r t h e a c t i v e s y s t e m 
c) t h e e n d - o f - f i l e c h a r a c t e r f o r t h e a c t i v e s y s t e m 
d) t h e f l e w c o n t r o l c h a r a c t e r f o r t h e a c t i v e s y s t e m 
e) t h e e x t e r n a l f l o w s t a t u s 
f ) t h e i n t e r n a l f l o w s t a t u s 
g) t h e c o u n t o f c h a r a c t e r s i n t h e t y p e - a h e a d l i n e 
h) t h e number o f f r e e n i b b l e s 
i ) t h e v i s i b l e c h a r a c t e r mode i n d i c a t o r 
j ) t h e l o c a l c h a r a c t e r echo i n d i c a t o r 
3) a k e y b o a r d t y p e - a h e a d l i n e o f 72 c h a r a c t e r s 
The u p p e r and l o w e r s c r o l l i n g t e x t s egments a r e c r e a t -
ed e a r l y on i n t h e i n i t i a l i s a t i o n p r o c e s s and r e - c r e a t e d on 
s u b s e q u e n t ' c l e a r s c r e e n ' commands. They grow and s h r i n k 
d y n a m i c a l l y as r e q u i r e d b u t have a l l o c a t e d a t l e a s t one 
g r a p h i c s n i b b l e e a c h . A f u l l e r d e s c r i p t i o n o f t h e o p e r a t i o n 
o f t h e s e s e g m e n t s i s d e f e r r e d t i l l l a t e r . 
A t any i n s t a n t t h e r e may e x i s t an 'OPEN' d i s p l a y s e g -
ment w h i c h i s c u r r e n t l y b e i n g c r e a t e d , appended o r d e l e t e d . 
T h i s i s n o t t o be c o n f u s e d w i t h t h e ACTIVE d i s p l a y s e g -
m e n t , w h i c h i d e n t i f i e s t h e d i s p l a y segment t h e d i s p l a y p r o -
c e s s o r i s c u r r e n t l y c y c l i n g t h r o u g h . The 'OPEN' segment i s 
g o v e r n e d p u r e l y by t h e p r o t o c o l o f t h e c h a r a c t e r s . s e n t t o 
t h e s y s t e m f r o m t h e h o s t . When a segment becomes t h e 'OPEN' 
seg m e n t , t h e segment h e a d e r i s c o p i e d t o a s e t o f open f i l e 
v a r i a b l e s , w h i c h a r e used i n a l l s u b s e q u e n t r e f e r e n c e s t o 
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t h e segment w h i l s t i t i s o p e n . 




c r e a t e a new d i s p l a y segment and make i t 
t h e open segment 
add d a t a t o an a l r e a d y e x i s t i n g s e g m e n t , 
l e a v i n g i t as t h e open segment 
d e l e t e t h e segment f r o m t h e d i s p l a y f i l e 
CLOSE 
c l o s e t h e open s e g m e n t . T h i s i n v o l v e s 
c o p y i n g t h e open f i l e v a r i a b l e s t o t h e 
segment h e a d e r . 
O t h e r a u x i l i a r y g r a p h i c s f u n c t i o n s a r e p e r f o r m e d by 
t h e f o l l o w i n g r o u t i n e s :-
MOVE 
move t o p o i n t ( x , y ) 
DRAW 









make v e c t o r t o p o i n t ( x , y ) , d e c i d i n g on 
s h o r t o r l o n g v e c t o r mode 
i n s e r t t e x t c h a r a c t e r i n t o open segment 
f i n d segment h e a d e r a d d r e s s g i v e n s e g m ent 
numbe r 
f i n d n e x t segment i n d i s p l a y c h a i n 
f o r c e a d i s p l a y segment i n t o d e s i r e d mode 
i n t e r r u p t r o u t i n e f o r d i s p l a y h a l t i n -
s t r u c t i o n . M a i n t a i n s a c t i v e s e g m e n t . 
VRLPEN 
i n t e r r u p t r o u t i n e f o r l i g h t pen i n t e r -
r u p t s . C o n t r o l s t r a c k i n g c r o s s p o s i t i o n . 
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3.1 Summary o f D e v i c e Commands 
C h a r a c t e r i s t i c s o f t h e s y s t e m a r e a l t e r e d by t h e use 
o f d e v i c e commands. These i n c l u d e s e l e c t i n g t h e a c t i v e 
h o s t , s e t t i n g t a b p o s i t i o n s and c o n t r o l l i n g t h e e x t e n t s o f 
t h e s c r o l l a r e a s . A d e v i c e command i s r e c o g n i s e d by t h e a p -
p e a r a n c e o f t h e d e v i c e command c h a r a c t e r , by d e f a u l t t h e e s -
cape c h a r a c t e r , a t t h e b e g i n n i n g o f a l i n e . A summary o f 
t h e d e v i c e commands a v a i l a b l e t o a u s e r o f t h e s y s t e m i s 
g i v e n b e l o w 
Ac 
s e t t h e a t t e n t i o n ( i n t e r r u p t ) c h a r a c t e r f o r 
t h e a c t i v e s y s t e m t o c. T h i s and two o t h e r 
' i m m e d i a t e mode' c h a r a c t e r s a r e s e n t i m m e d i -
a t e l y when t y p e d . 
Dc 
s e t t h e d e v i c e command c h a r a c t e r t o c . 
Ec 
s e t t h e e n d - o f - f i l e c h a r a c t e r f o r t h e a c t i v e 
/ s y s t e m t o c. 
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s e t t h e i n t e r s c r o l l l i n e h e i g h t t o n. T h i s 
e s t a b l i s h e s t h e r e l a t i v e p r o p o r t i o n o f t h e 
s c r e e n a l l o c a t e d t o t h e c h a r a c t e r a r e a s . 
I n i t i a l l y 1 9, t h i s p a r a m e t e r s h o u l d l i e 
w i t h i n t h e r a n g e 1-37 i n c l u s i v e . 
I t U / L ] 
i n i t i a l i s e d i s p l a y . I f no p a r a m e t e r i s 
g i v e n t h i s removes a l l t e x t f r o m b o t h s c r o l l 
a r e a s and any g r a p h i c s d i s p l a y e d . I f t h e 
p a r a m e t e r U o r L i s g i v e n , t h e t e x t f r o m 
t h a t s c r o l l a r e a o n l y i s remov e d . 
L 
l o c a l mode s w i t c h . I n l o c a l mode c h a r a c t e r s 
s e n t f r o m t h e t y p e - a h e a d l i n e w i l l be l o c a l -
l y e choed t o a p p e a r on t h e i n p u t s t r e a m , 
w i t h o u t b e i n g s e n t t o a h o s t . 
Oc 
s e t t h e o u t p u t f l o w c o n t r o l c h a r a c t e r f o r 
t h e a c t i v e s y s t e m t o c. 
Pt U / L ] 
/ p r i n t e r s w i t c h . I s used t o p r o d u c e h a r d 
c o p y o u t p u t on t h e c o n s o l e t y p e w r i t e r i n a d -
d i t i o n t o t h e r e f r e s h e d d i s p l a y . The pararn-
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e t e r s p e c i f i e s w h i c h h o s t s t r e a m i s t o be 
c o p i e d ; i f no p a r a m e t e r i s g i v e n t h e n p r i n t -
i n g i s d i s a b l e d . 
s e t t h e r u b o u t ( d e l e t e p r e v i o u s ) c h a r a c t e r 
t o ' c ' . T y p i n g t h i s c h a r a c t e r w i l l c a u s e 
t h e c h a r a c t e r t o t h e l e f t o f t h e c u r s o r t o 
be d e l e t e d . 
S[U/L/R] 
s e l e c t a c t i v e s y s t e m t o w h i c h k e y b o a r d c h a r -
a c t e r s a r e s e n t . 
U - u p p e r s y s t e m 
L - l o w e r s y s t e m 
R - RT-11 ( l o c a l ) s y s t e m 
The s y s t e m c u r r e n t l y a c t i v e i s d i s p l a y e d i n 
t h e s t a t i s t i c s a r e a a t t h e b o t t o m o f t h e 
s c r e e n . 
T n l , n 2 , n 3 . . . 
s e t i n p u t t a b p o s i t i o n s a t c o l u m n s n l , n 2 ... 
e t c , w h i c h a r e expanded w i t h s p a c e s on i n -
p u t . Up t o t w e n t y t a b p o s i t i o n s a r e a l -
l o w e d . Tab c h a r a c t e r s r e c e i v e d beyond t h e 
/ 
l a r g e s t t a b s e t t i n g g i v e n a r e r e p l a c e d by a 
s i n g l e s p a c e . S p e c i f y i n g T a l o n e d i s a b l e s 
t a b e x p a n s i o n and t h e t a b c h a r a c t e r has no 
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s p e c i a l s i g n i f i c a n c e . 
U 
s e t u n b u f f e r e d i n p u t mode. E v e r y c h a r a c t e r 
t y p e d i s f o r w a r d e d t o t h e h o s t d i r e c t l y and 
n o t b u f f e r e d o r i n t e r p r e t e d l o c a l l y . The 
d e v i c e command c h a r a c t e r s t i l l assumes s i g -
n i f i c a n c e h o w e v e r . 
V 
v i s i b l e c h a r a c t e r mode s w i t c h . I n v i s i b l e 
mode a l l c h a r a c t e r s r e c e i v e d a r e p r i n t e d as 
A S C I I o c t a l c odes on t h e c o n s o l e p r i n t e r . 
A l l a l p h a b e t i c c h a r a c t e r s i n d e v i c e commands may be g i v e n i n 
e i t h e r u p p e r o r l o w e r c a s e . A l i n e b e g i n n i n g w i t h t h e d e v -
i c e command c h a r a c t e r , b u t n o t i n t e r p r e t a b l e as a d e v i c e 
command, i s s e n t t o t h e h o s t . 
Some o f t h e s e d e v i c e commands a r e s u f f i c i e n t l y e x -
p l a i n e d by t h e a b o v e . However, a few o f them w i l l be d i s -
c u s s e d and e l a b o r a t e d i n t h e f o l l o w i n g s e c t i o n s . 
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3.2 S c r e e n I n i t i a l i s a t i o n 
The i n i t i a l i s e s c r e e n command r e - e s t a b l i s h e s t h e 
s c r e e n t o i t s o r i g i n a l l a y o u t w i t h one e x c e p t i o n , t h a t t h e 
c u r r e n t l y e x i s t i n g d i v i s i o n b e t w e e n t h e two s c r o l l a r e a s i s 
m a i n t a i n e d . T h a t i s t h e dashed l i n e shown i n f i g 1.1 i s 
l e f t a t i t s c u r r e n t p o s i t i o n . T h i s i s p o s s i b l e b e c a u s e t h e 
a d j u s t s c r o l l h e i g h t command u p d a t e s t h e s c r o l l t a b l e i n f o r -
m a t i o n as w e l l as t h e segment h e a d e r s t h e m s e l v e s . A f u l l e r 
e x p l a n a t i o n o f t h i s a p p e a r s i n C h a p t e r 4. 
3.3 S c r o l l A rea A d j u s t m e n t 
The r e l a t i v e amount o f t h e s c r e e n t a k e n up by t h e 
l o w e r and u p p e r s c r o l l a r e a s c an be a d j u s t e d . A t i n i t i a l i -
s a t i o n each s c r o l l a r e a i s e s t a b l i s h e d by r e f e r e n c e t o a 
s c r o l l t a b l e c o n t a i n i n g t h e f o l l o w i n g i n f o r m a t i o n 
• I 1 










A t t r i b u t e 
segment number I 0 
X c o o r d i n a t e I 1 
Y c o o r d i n a t e I 2 
maximum number o f l i n e s I 3 
c u r r e n t number o f l i n e s I 4 
number o f c h a r a c t e r s i n l i n e I 5 ' 
number o f c h a r a c t e r s p e r l i n e ( w i d t h ) I 
1--
6 
S c r o l l T a b l e 
T a b l e 3.2 
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The X,Y c o o r d i n a t e p a i r d e f i n e t h e p o s i t i o n a t w h i c h 
t h e f i r s t c h a r a c t e r t o e n t e r t h e s c r o l l a r e a w i l l a p p e a r and 
a r e r e f e r r e d t o o n l y a t s c r e e n i n i t i a l i s a t i o n . R e f e r e n c e t o 
t h e o t h e r q u a n t i t i e s i s made as c h a r a c t e r s a r e r e c e i v e d by 
t h e s c r o l l p r o c e s s i n g r o u t i n e s , i n o r d e r t o e f f e c t s c r o l l i n g 
and l i n e w r a p a r o u n d . I n a d d i t i o n a v a r i a b l e h o l d s t h e v a l u e 
o f t h e s c r o l l a r e a d i v i d e r h e i g h t , e x p r e s s e d as a l i n e 
c o u n t . When t h e s c r o l l a d j u s t m e n t d e v i c e command i s g i v e n , 
t h i s . v a l u e i s d i r e c t l y u p d a t e d and t h e maximum l i n e c o u n t 
and t h e (X,Y) c o o r d i n a t e s i n t h e s c r o l l t a b l e a r e c h a n g e d . 
I n a d d i t i o n one o f t h e s c r o l l a r e a s i s r e d u c e d i n s i z e and 
t h e o r i g i n o f t h e u p p e r s c r o l l m o d i f i e d . T h i s c a n b e s t be 
seen by an e x a m p l e . C o n s i d e r t h e s c r e e n a t A) b e i n g c h a n g e d 
t o t h e s c r e e n a t B) , where t h e l o w e r s c r o l l a r e a i s e x t e n d -
ed f u r t h e r up t h e s c r e e n . 
I 1 i 1 
I l i n e u l I I l i n e u5 I 
I l i n e u2 I I l i n e u6 I 
I l i n e u3 I 
I l i n e u4 I I I 
I l i n e u5 I I I 
I l i n e u6 I - I I 
I _ _ 1 i I 
I l i n e 11 I I l i n e 11 I 
I l i n e 12 I I l i n e 12 I 
I 1 i 
A B 
F i g 3.3 S c r o l l H e i g h t A d j u s t m e n t 
F i r s t l y t h e maximum l i n e c o u n t s i n t h e s c r o l l t a b l e s 
a r e m o d i f i e d by a d d i n g t h e a p p r o p r i a t e v a l u e t o t h e l o w e r 
and s u b t r a c t i n g f r o m t h e u p p e r . T h i s amount i s c a l c u l a t e d 
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by t h e d i f f e r e n c e b e t w e e n t h e n e w l y s p e c i f i e d l i n e p o s i t i o n 
and t h e c u r e n t l y s t o r e d v a l u e . 
Then t h e u p p e r s c r o l l i s ' s h r u n k ' by s e n d i n g i t a n u l l 
c h a r a c t e r . T h i s i s i g n o r e d b u t f o r c e s t h e s c r o l l r o u t i n e t o 
r e - e x a m i n e t h e s t a t u s o f t h e c u r r e n t number o f l i n e s i n t h e 
s c r o l l a g a i n s t t h e now m o d i f i e d maximum l i n e c o u n t . I t t h e n 
p r o c e e d s t o r e d u c e t h e a r e a i n s i z e by r e p e a t e d s c r o l l i n g as 
d e s c r i b e d i n C h a p t e r 4. T h a t i s , t h e t e x t now s t a r t s a t a 
p o s i t i o n s e v e r a l l i n e s down f r o m t h e t o p o f t h e s c r e e n . 
What r e m a i n s t o be done i s t o move t h i s s t a r t p o s i t i o n b ack 
up, by a d d i n g an a p p r o p r i a t e amount t o t h e Y c o - o r d i n a t e , 
t h e r e b y l i f t i n g t h e r e d u c e d a r e a back up t o t h e t o p o f t h e 
s c r e e n . A p a r t f r o m t h e l i n e c o u n t m o d i f i c a t i o n , n o t h i n g 
f u r t h e r i s r e q u i r e d f o r t h e l o w e r s c r o l l , w h i c h w i l l c o n t i n -
ue t o expand u p w a r d s u n t i l t h e new l i n e l i m i t i s r e a c h e d , 
when s c r o l l i n g w i l l be r e - a c t i v a t e d . 
An i d e n t i c a l method i s used f o r t h e o p p o s i t e s i t u a -
t i o n , t h a t o f an e x p a n d i n g u p p e r and s h r i n k i n g l o w e r a r e a , 
e x c e p t t h a t i n t h i s case t h e c o n t e n t s o f t h e u p p e r s c r o l l 
a r e a i s s h i f t e d down t h e s c r e e n , so t h a t t h e l a s t l i n e o f 
t e x t r e m a i n s i m m e d i a t e l y above t h e d i v i s i o n l i n e . 
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3.4 System S e l e c t i o n 
S e l e c t i o n o f the a c t i v e system, t h a t i s the system t o 
which t he c h a r a c t e r s from t he type-ahead l i n e w i l l be 
t r a n s m i t t e d , i s s i m p l y implemented. Since a common r o u t i n e , 
PUTCHAR, o u t p u t s a c h a r a c t e r t o a d e v i c e and exp e c t s two 
parameters ( t h e c h a r a c t e r and t h e d e v i c e h e a d e r ) , i t s i m p l y 
i n v o l v e s p a s s i n g the a c t i v e d e v i c e header, which i s s t o r e d 
i n a v a r i a b l e ACTDEV. T h i s v a r i a b l e i s changed by t h e 
<esc>S d e v i c e command and the c u r r e n t l y a c t i v e system i s 
d i s p l a y e d i n the s t a t u s area as 
SYS 
— X 
where X i s L,U or R f o r lower,upper and RT-11 systems 
r e s p e c t i v e l y . When a r e t u r n t o the RT-11 o p e r a t i n g system 
i s s p e c i f i e d , t h e p r e v i o u s l y saved i n t e r r u p t v e c t o r s f o r the 
d e v i c e s are r e s t o r e d . Subsequently t y p i n g two c o n t r o l / c 
c h a r a c t e r s w i l l e f f e c t an- escape back t o RT-11. When the 
a c t i v e system i s changed t he 'immediate mode' c h a r a c t e r s 
(see 3.6) f o r t h e s e l e c t e d system are a u t o m a t i c a l l y 
d i s p l a y e d i n the s t a t u s l i n e . I f l o c a l mode i s i n opera-
t i o n , t h e a c t i v e system e s t a b l i s h e s the appa r e n t h o s t from 
which t he c h a r a c t e r s w i l l be echoed. PUTCHAR t e s t s f o r l o -
c a l mode and , i f s p e c i f i e d , p l a c e s the c h a r a c t e r on the i n -
pu t queue of the a c t i v e d e v i c e . 
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3.5 C haracter E d i t i n g and Cursor C o n t r o l 
As a normal c h a r a c t e r i s typed on the keyboard, i t i s 
p l a c e d i n the type-ahead l i n e and t h e c u r s o r , c o n s i s t i n g of 
a b l i n k i n g underscore c h a r a c t e r , i s moved one p o s i t i o n t o 
t h e r i g h t t o i n d i c a t e the p o s i t i o n a t which the n e x t c h a r a c -
t e r t yped w i l l be e n t e r e d . When the r u b o u t ( d e l e t e p r e v i -
ous) c h a r a c t e r i s t y p e d , t h e c h a r a c t e r to t h e immediate l e f t 
o f the c u r s o r i s removed from the screen and t h e c u r s o r 
moved one p o s i t i o n t o the l e f t . Thus s u c c e s s i v e r u b o u t 
c h a r a c t e r s w i l l d e l e t e a sequence of c h a r a c t e r s from r i g h t 
t o l e f t . 
W i t h o u t c u r s o r c o n t r o l , t y p i n g e r r o r s may r e q u i r e the 
r u b o u t o f s e v e r a l c h a r a c t e r s t o c o r r e c t an e r r o r , f o l l o w e d 
by t h e r e t y p i n g of the c o r r e c t c h a r a c t e r s j u s t d e l e t e d . 
W i t h c u r s o r c o n t r o l i t i s p o s s i b l e t o move th e c u r s o r t o any 
p o s i t i o n on the l i n e and then i n s e r t or d e l e t e an a r b i t r a r y 
number o f c h a r a c t e r s , g i v i n g f u l l l i n e e d i t i n g c a p a b i l i t y . 
The c o n t r o l c h a r a c t e r s used t o p o s i t i o n the c u r s o r are 
c o n t r o l / 1 and c o n t r o l / r f o r l e f t and r i g h t a d j u s t m e n t 
r e s p e c t i v e l y . 
One p o i n t bears m e n t i o n i n g here. Throughout the 
d e s c r i p t i o n i t has been assumed t h a t the i n p u t r e c o r d t e r m i -
n a t o r i s a c a r r i a g e r e t u r n c h a r a c t e r and cannot be changed. 
T h e r e f o r e i t seems s e n s i b l e t o a l l o w a c a r r i a g e r e t u r n c h a r -
a c t e r t o f l u s h the type ahead l i n e even when the c u r s o r i s 
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not a t the extreme r i g h t o f the l i n e ; t h a t i s , a c a r r i a g e 
r e t u r n c h a r a c t e r t y p e d d u r i n g i n s e r t or d e l e t e mode w i l l 
cause t he c o n t e n t s o f the l i n e , upto t he r i g h t m o s t c h a r a c t e r 
d i s p l a y e d , t o be t r a n s m i t t e d . 
3.6 Immediate Mode C h a r a c t e r s 
N o r m a l l y as c h a r a c t e r s are typed t h e y are b u f f e r e d i n 
the type-ahead l i n e and are not processed f u r t h e r u n t i l a 
c a r r i a g e r e t u r n c h a r a c t e r i s r e c e i v e d . Howevever t h e r e i s 
u s u a l l y a r e q u i r e m e n t t h a t some c h a r a c t e r s are a c t e d upon 
i m m e d i a t e l y t h e y are t y p e d , f o r i n s t a n c e t o send an i n t e r -
r u p t t o the h o s t . These c h a r a c t e r s are c a l l e d immediate 
mode c h a r a c t e r s . 
By means of d e v i c e commands t h e h o s t dependent immedi-
a t e mode c h a r a c t e r s can be a l t e r e d . For t h e MTS and UNIX 
systems t o which the t e r m i n a l i s n o r m a l l y c o n n e c t e d , t h e im-
mediate mode c h a r a c t e r s and f u n c t i o n s are as f o l l o w s :-
I f u n c t i o n I UNIX I MTS I 
I 1 1 — i 
I t o i n t e r r u p t the I I I 
I c u r r e n t t a s k I break I break I 
I 1 1 1 
I t o i n d i c a t e an I I I 
I 'end of f i l e ' I c n t r l / d I c n t r l / c I 
I c o n d i t i o n I I I 
I 1 1 1 
I t o pause the I I I 
I o u t p u t t o the I I I 
I t e r m i n a l I c n t r l / o I c n t r l / a I 
I ( f l o w c o n t r o l ) I I I 
Immediate Mode C h a r a c t e r s 
Table 3.1 
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Many systems use the 'break' key t o s i g n a l an i n t e r -
r u p t c o n d i t i o n t o the h o s t ( i n MTS break i s the d e f a u l t key 
f o r an a t t e n t i o n i n t e r r u p t , w h i l s t i n UNIX e i t h e r break o r 
d e l e t e can be u s e d ) . However s i n c e t he DL-11A i n t e r f a c e i s 
no t capable o f i n d i c a t i n g when the break key on the c o n s o l e 
keyboard has been depressed, some o t h e r c h a r a c t e r must be 
used t o i n d i c a t e t h i s f u n c t i o n , i f i t i s r e q u i r e d t o send a 
break t o the remote system. I n t h i s case the d e l e t e c h a r a c -
t e r was chosen, so t h a t a t t e m p t i n g t o t r a n s m i t an ASCII 
<177> would cause the break c o n d i t i o n t o be g e n e r a t e d on t h e 
DL-11C f o r a s u i t a b l e p e r i o d . 
3.7 Unbuffered Input Mode 
For those a p p l i c a t i o n s which r e q u i r e c h a r a c t e r a t a 
time w o r k i n g , an u n b u f f e r e d i n p u t mode can be s p e c i f i e d . I n 
t h i s case every c h a r a c t e r typed i s i m m e d i a t e l y sent t o t h e 
h o s t w i t h one e x c e p t i o n . I f the d e v i c e command c h a r a c t e r i s 
t y p e d , t h e n t he l i n e i s processed n o r m a l l y i n b u f f e r e d mode. 
T h i s p e r m i t s d e v i c e commands t o be scanned f o r , t h u s a l l o w -
i n g , f o r example, a s w i t c h back t o u n b u f f e r e d mode t o be 
made. 
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3.8 Input Tabbing 
A d j u s t a b l e t a b p o s i t i o n i n g was f e l t t o be v e r y u s e f u l 
p a r t i c u l a r l y when i n p u t t i n g assembly language , s t r u c t u r e d 
language source or data where a r e g u l a r f o r m a t or i n d e n t a -
t i o n i s r e q u i r e d . The i m p l e m e n t a t i o n o f t a b b i n g i s q u i t e 
s t r a i g h t f o r w a r d and i s performed r e c u r s i v e l y by i n t e r n a l 
c a l l s t o the ' c h a r a c t e r i n ' r o u t i n e w i t h t h e space c h a r a c t e r 
as parameter. 
3.9 Hard Copy A b i l i t y 
Output t o the p r i n t e r o f the conso l e i s performed us-
in g t he same r o u t i n e s as o u t p u t t o the h o s t systems, t h e ad-
j u s t a b l e parameter being the d e v i c e header. When a c h a r a c -
t e r r e c e i v e d from a h o s t i s processed by the GTCI r o u t i n e s , 
an a d d i t i o n a l c a l l t o PUTCHAR , w i t h t h e c o n s o l e d e v i c e 
header s p e c i f i e d , i s a l l t h a t i s r e q u i r e d f o r hard copy 
p r i n t o u t . T h i s o c c u r s i n a d d i t i o n t o t h e normal d i s p l a y 
f u n c t i o n . The p r i n t s t a t e i s d i s p l a y e d i n t h e s t a t u s l i n e 
as e i t h e r U, L c r - ; i n d i c a t i n g t h a t hard copy of the upper 
or lower system i s o c c u r i n g or t h a t the hard copy f u n c t i o n 
i s d i s a b l e d . 
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3.10 L o c a l Character Echo Mode 
The l o c a l mode command was o r i g i n a l l y i n s t a l l e d as a 
debugging a i d . I t a l l o w s the system t o f u n c t i o n , a t l e a s t 
i n c h a r a c t e r mode, w i t h o u t the need t o be connected t o a 
h o s t computer. What i t does i s t o 'feed' t h e c h a r a c t e r s 
from t h e type-ahead l i n e , which would n o r m a l l y be se n t t o a 
h o s t , i n t o i t s own i n p u t b u f f e r s , t h u s s i m u l a t i n g an immedi-
a t e c h a r a c t e r echo. T h i s a l l o w e d debugging o f t h e s o f t w a r e 
r e s p o n s i b l e f o r screen area s c r o l l i n g and a d j u s t m e n t t o be 
performed i n a c o n t r o l l e d and r e p r o d u c i b l e manner. However, 
h a v i n g seen i t d e m o n s t r a t e d , one user soon u t i l i s e d t h i s f o r 
e s t a b l i s h i n g a ' r u l e r ' , c o n s i s t i n g o f a rep e a t e d sequence o f 
the d i g i t s 0 t o 9, i n the lower s c r o l l a r e a ; t h i s can the n 
be used t o p o s i t i o n i n f o r m a t i o n a c c u r a t e l y o r i d e n t i f y a 
p a r t i c u l a r column q u i c k l y . 
3.11 V i s i b l e Character Mode 
For debugging purposes and a t o t h e r t i m e s when i t i s 
r e q u i r e d t o 'see' a l l t h e c h a r a c t e r s t r a n s m i t t e d t o t h e sy s -
tem from t he h o s t , a ' v i s i b l e ' c h a r a c t e r mode can be ( s p e c i -
f i e d . I n t h i s mode a l l c h a r a c t e r s r e c e i v e d are p r i n t e d as 
ASCII o c t a l codes on the c o n s o l e . T h i s mode can be s p e c i -
f i e d i n a d d i t i o n t o hard copy p r i n t , i n which case by t y p i n g 
t h e s t r i n g '1234' the f o l l o w i n g o u t p u t would occur :-
1<061>2<062>3<06 3>4<064> 
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4.1 Operation of the S c r o l l 
The o p e r a t i o n of the s c r o l l areas and t h e i r i n t e r a c -
t i o n w i t h the d i s p l a y f i l e management w i l l now be d e s c r i b e d . 
As s t a t e d i n Chapter 2, each d i s p l a y segment has a segment 
header a t the b e g i n n i n g of the f i r s t n i b b l e o f the segment. 
I n the case of the s c r o l l areas the r e s t o f the f i r s t n i b b l e 
i s unused, except f o r the i n i t i a l (X,Y) c o o r d i n a t e s o f the 
f i r s t t e x t c h a r a c t e r . That i s , the t e x t f o r the s c r o l l a l -
ways s t a r t s a t the b e g i n n i n g of the second n i b b l e i n the 
segment. T h i s f a c i l i t a t e s the i m p l e m e n t a t i o n o f t h e s c r o l -
l i n g mechanism, as we s h a l l see. The body of the t e x t f o r 
t h e s c r o l l segments w i l l g e n e r a l l y c o n t a i n l i n e feed (LF) 
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S c r o l l Segment S t r u c t u r e 
Fi g 4.1 
The APNT p o i n t mode i n s t r u c t i o n i n the f i r s t n i b b l e 
e s t a b l i s h e s the s t a r t i n g p o s i t i o n o f the t e x t o f t h e s c r o l l . 
The TEXT 's e t c h a r a c t e r mode' i n s t r u c t i o n d e f i n e s a l l data 
f o l l o w i n g as c h a r a c t e r d a t a . I n c h a r a c t e r mode, t h e n u l l 
c h a r a c t e r (ASCII zero <000>) produces no e f f e c t on the 
screen and can be viewed as a t e x t mode no o p e r a t i o n (NOP). 
The r e s t o f the f i r s t n i b b l e , up to the d i s p l a y jump i n -
s t r u c t i o n , i s f i l l e d by such n u l l c h a r a c t e r s . T h i s i s a by 
p r o d u c t o f the i n i t i a l CREATE c a l l made t o e s t a b l i s h t h e 
s c r o l l segment, which zeros t he n i b b l e as i t draws i t from 
t h e f r e e p o o l . Thus the f i r s t n i b b l e c o n t a i n s no d i s p l a y -
a b l e t e x t d a t a . 
As c h a r a c t e r data i s r e c e i v e d by t h e s c r o l l r o u t i n e , 
i t s i m p l y adds i t t o the next f r e e space i n the l a s t n i b b l e , 
c h a i n i n g i n a new n i b b l e as r e q u i r e d . When a l i n e feed 
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c h a r a c t e r i s r e c e i v e d , t he c u r r e n t c h a r a c t e r count i n the 
s c r o l l header i s s e t t o zero and incremented whenever a 
c h a r a c t e r o t h e r than LF i s r e c e i v e d . Should t h e c h a r a c t e r 
count exceed the maximum s t o r e d i n the s c r o l l header, the 
r o u t i n e p r o v i d e s f o r s o f t w a r e 'wraparound' by g e n e r a t i n g an 
i n t e r n a l l i n e f e e d / c a r r i a g e r e t u r n sequence. W i t h o u t t h i s 
f e a t u r e , l o n g l i n e s o f t e x t would be t r u n c a t e d a t 72 c h a r a c -
t e r s . 
As a l i n e feed c h a r a c t e r i s r e c e i v e d , t h e Y c o o r d i n a t e 
s t o r e d i n the f i r s t n i b b l e i s updated and t h e c u r r e n t l i n e 
count i s i n c r e m e n t e d . The l a t t e r i s then compared w i t h the 
maximum i n t h e s c r o l l header. I f i t i s exceeded, a s c r o l -
l i n g o p e r a t i o n i s performed as f o l l o w s . The second n i b b l e 
of the segment i s accessed and c h a r a c t e r s are s e t t o n u l l 
( z e r o ) u n t i l t h e f i r s t l i n e feed i s e n c o u n t e r e d . T h i s c h a r -
a c t e r i s the n a l s o c l e a r e d , and t h e Y c o o r d i n a t e and l i n e 
c o u nts decremented. I f , i n s e a r c h i n g f o r a l i n e f e e d , t h e 
end o f t h e n i b b l e i s reached, i t i s r e t u r n e d t o the f r e e 
p o o l and t h e r e f e r e n c e from the f i r s t n i b b l e updated t o 
p o i n t t o the n e x t n i b b l e i n the segment. 
I n normal o p e r a t i o n , as one l i n e e n t e r s a t the bottom 
of t h e a r e a , one l i n e d i s a p p e a r s o f f the t o p . However, when 
the s c r o l l area i s being a d j u s t e d t o a reduced s i z e by a 
d e v i c e command, t h i s o p e r a t i o n i s repeated s e v e r a l t i m e s , 
removing l i n e s from t he t o p of the a r e a . I n t h i s s p e c i a l 
s i t u a t i o n , a n u l l c h a r a c t e r i s passed t o the s c r o l l r o u t i n e , 
which i s not d i s p l a y e d but merely f o r c e s t he l i n e count 
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check and subsequent s c r o l l i n g o p e r a t i o n s t o be p e r f o r m e d . 
When a c h a r a c t e r i s passed t o t h e s c r o l l r o u t i n e , an 
i n i t i a l check i s made to see i f the s c r o l l segment i s t h e 
c u r r e n t l y open d i s p l a y segment. Since c h a r a c t e r s o u t p u t 
from the two h o s t systems may be i n t e r l e a v e d , i t may be 
necessary t o c l o s e the p r e v i o u s l y open s c r o l l segment asso-
c i a t e d w i t h one h o s t and open the s c r o l l segment of the o t h -
e r . I n the s i t u a t i o n o f maximum i n t e r l e a v i n g , where a l t e r -
nate c h a r a c t e r s come from t h e same h o s t , t h i s c l o s u r e and 
opening o p e r a t i o n w i l l occur f o r each c h a r a c t e r . However, 
i n a more l i k e l y s i t u a t i o n , where a b u r s t o f c h a r a c t e r s from 
one h o s t may be f o l l o w e d by a group from the o t h e r h o s t , 
each s c r o l l segment w i l l remain open f o r s e v e r a l c h a r a c t e r s 
a t a t i m e . 
I f the s c r o l l i s n ot a l r e a d y open, a c a l l t o APPEND i s 
made, which w i l l c l o s e the c u r r e n t l y open d i s p l a y segment 
and open the s p e c i f i e d one. Opening t h e segment e s s e n t i a l l y 
c o p i e s t he segment header t o a s e t o f open f i l e v a r i a b l e s , 
of which t he l a s t used n i b b l e address i s p a r t i c u l a r l y 
r e l e v a n t . The l a t t e r d e f i n e s t he p o s i t i o n o f the next f r e e 
space i n the l a s t n i b b l e o f the segment. As a c h a r a c t e r i s 
r e c e i v e d , t he s c r o l l r o u t i n e i n s e r t s i t a t t h i s p o s i t i o n by 
c a l l s t o the n i b b l e management macro NBLBYT, which w i l l 
c h a i n i n a new n i b b l e i f r e q u i r e d . 
C l e a r i n g a s c r o l l area o f a l l d i s p l a y e d t e x t i s 
achieved by p a s s i n g t he s c r o l l r o u t i n e a s p e c i a l c h a r a c t e r ( 
ASCII <025>), or by c a l l i n g an e n t r y p o i n t w i t h i n the r o u -
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t i n e which has the same e f f e c t . T h i s makes a CREATE c a l l 
f o t t h e segment, u s i n g the (X,Y) v a l u e s c u r r e n t l y i n the 
header f o r the s c r o l l o r i g i n . When CLOSE i s c a l l e d , i t w i l l 
a u t o m a t i c a l l y d e l e t e a segment o f the same name as t h a t 
c u r r e n t l y OPEN, t h e r e b y d e s t r o y i n g any o l d v e r s i o n o f t h e 
s c r o l l . 
4.2 Graphics P r o t o c o l 
Since GTX a l l o w s the system t o f u n c t i o n as a s i m p l e 
t e r m i n a l , t h e p r o t o c o l i t uses f o r c o n t r o l l i n g t h e g r a p h i c s 
p r i m i t i v e s i s based on a s m a l l group o f c o n t r o l c h a r a c t e r s 
a t the lower end of the ASCII c h a r a c t e r s e t . I n normal 
o p e r a t i o n , the c h a r a c t e r i n t e r p r e t e r ( C I ) , which d e a l s w i t h 
c h a r a c t e r s r e c e i v e d from t h e h o s t s , watches f o r these con-
t r o l c h a r a c t e r s and branches t o an a p p r o p r i a t e s e c t i o n t o 
pe r f o r m t h e r e q u i r e d a c t i o n . I f the c h a r a c t e r i s n ot a con-
t r o l , t h e CI i s s a i d t o be f u n c t i o n i n g i n t e r m i n a l mode and 
the outcome i s s i m p l y t o pass t he c h a r a c t e r t o the t e x t 
s c r o l l r o u t i n e . 
R e c e p t i o n o f c e r t a i n c o n t r o l c h a r a c t e r s may cause the 
CI s i m p l y t o p e r f o r m an a c t i o n , such as c l e a r i n g t h e s c r e e n , 
and r e v e r t i m m e d i a t e l y t o t e r m i n a l mode. W h i l s t the a c t i o n 
i s being p e r f o r m e d , t h e CI can be t h o u g h t o f as e x i s t i n g i n 
a / t r a n s i t o r y s t a t e , f o r example ' c l e a r screen s t a t e 1 . 
Other c o n t r o l c h a r a c t e r s may have the same b a s i c e f -
f e c t , except t h a t the d u r a t i o n o f the s t a t e i s dependent on 
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e x t e r n a l e v e n t s , such as the user t y p i n g a c h a r a c t e r on the 
keyboard. N e v e r t h e l e s s , the next c h a r a c t e r processed by the 
CI w i l l be seen i n t e r m i n a l mode. 
There a l s o e x i s t s t h e s i t u a t i o n where a c o n t r o l c h a r -
a c t e r can s w i t c h t h e CI t o a d i f f e r e n t s t a t e , i n which i t 
c o n t i n u e s t o process r e c e i v e d c h a r a c t e r s , b e f o r e e v e n t u a l l y 
r e t u r n i n g t o t e r m i n a l mode.. I t may even e x i s t i n v a r i o u s 
s u b - s t a t e s w i t h i n t h e main s t a t e . I n t h i s s i t u a t i o n , a 
mechanism must be e s t a b l i s h e d t o a l l o w t h e n e x t c h a r a c t e r 
r e c e i v e d by t h e CI t o be d i r e c t e d t o t h e c o r r e c t s t a t e sec-
t i o n , s i n c e the main p r o c e s s i n g l o o p sees the CI as a s i n g l e 
s t a t e ' b l a c k box'. Be f o r e g o i n g on t o l o o k a t t h e s p e c i f i c 
c o n t r o l c h a r a c t e r s used i n t h i s system and t h e s t a t e s t h e y 
i n d u c e , i t i s p e r t i n e n t t o examine how t h e CI d e a l s w i t h 
c o n t r o l c h a r a c t e r s and t h e s t a t e s w i t c h i n g mechanism. 
Once a c h a r a c t e r has been processed and t h e CI wishes 
t o p r e p a r e f o r r e c e i v i n g t h e next c h a r a c t e r , i t does so by 
p r o v i d i n g a s i n g l e e x i t p a t h from t he r o u t i n e f o r a l l 
s t a t e s . T h i s e x i t p a t h i s c a l l e d as a s u b r o u t i n e , u s i n g t he 
program c o u n t e r as the l i n k r e g i s t e r , w i t h the r e s u l t t h a t 
t he address o f the i n s t r u c t i o n f o l l o w i n g t h e s u b r o u t i n e c a l l 
i s p l a c e d on the pr o c e s s o r s t a c k . The e x i t r o u t i n e 'pops' 
t h i s address to a sa f e p l a c e and i t s e l f does a normal sub-
r o u t i n e r e t u r n , t h e r e b y r e t u r n i n g t o i t s c a l l e r s c a l l e r , 
/ ' 
t h a t i s the main p r o c e s s i n g l o o p . 
On the next e n t r y t o the C I , i t s i m p l y uses the saved 
r e t u r n address i n a jump i n s t r u c t i o n t o ensure t he c h a r a c t e r 
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i s r e c e i v e d by the a p p r o p r i a t e s t a t e s e c t i o n . I n t h i s way a 
'stepped' access t o the v a r i o u s p a r t s o f the module, a c c o r d -
i n g t o the u n d e r l y i n g p r o t o c o l , i s a c h i e v e d . 
One s p e c i f i c assumption made w i t h i n t h e CI i s t h a t a l l 
s e c t i o n s , which c a l l ' e x i t ' t o g e t the next r e c e i v e d c h a r a c -
t e r , do so on the u n d e r s t a n d i n g t h a t any c o n t r o l c h a r a c t e r 
( l e s s than ASCII <040>) , w i l l a r r i v e a t the saved r e t u r n ad-
d r e s s , w h i l s t normal c h a r a c t e r s w i l l appear a t one word p a s t 
t h i s l o c a t i o n . For example 
CALL EXIT ; e x i t t o g e t n e x t c h a r a c t e r 
BR CON ; c o n t r o l c h a r a c t e r s w i l l come here 
; and normal c h a r a c t e r s here 
The f i v e 'non t e r m i n a l ' s t a t e s i d e n t i f i a b l e w i t h i n t h e 
c h a r a c t e r i n t e r p r e t e r are as f o l l o w s :-
1) I n i t i a l i s e ( c l e a r ) t h e screen 
2) T r a n s m i t s t a t u s response (answer back) 
3) Enable l i g h t pen i n t e r a c t i o n 
4) Enable t r a c k i n g c r o s s p o s i t i o n i n g 
5) Enter data i n t o d i s p l a y segment 
/ 
The f i r s t f o u r s t a t e s are t r i g g e r e d by r e c e p t i o n o f a s i n g l e 
c h a r a c t e r as f o l l o w s :-
1) ASCII FF (form feed) <014> 
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2) ASCII ENQ ( e n q u i r y ) <005> 
3) ASCII DC2 <022> 
4) ASCII DC4 <024> 
The f i f t h s t a t e , t h a t o f e n t e r i n g data i n t o a d i s p l a y seg-
ment, i s achieved by a sequence of c o n t r o l c h a r a c t e r s . The 
form o f t h i s i s 
<soh><segment n o . X s t x X assumed TEXT data .....> 
where <soh> i s the ASCII ' s t a r t o f header' c h a r a c t e r and 
<stx> i s the ' s t a r t o f t e x t ' c h a r a c t e r . The v a l u e o f the 
segment number t r a n s m i t t e d i s arranged t o be a p r i n t i n g 
( i . e . n o n - c o n t r o l ) c h a r a c t e r by t h e a d d i t i o n o f a s u i t a b l e 
c o n s t a n t . T h i s i s a g e n e r a l f e a t u r e of the data c o n t a i n e d 
i n t h e d i a l o g u e between IG and the GT40, where o n l y a v e r y 
s m a l l s e t o f c o n t r o l c h a r a c t e r s are l e g i t i m a t e and are used 
t o change t he s t a t e o f t h e c h a r a c t e r i n t e r p r e t e r . 
I n i t i a l l y , t h e data f o l l o w i n g t h e <stx> i s assumed t o 
be t e x t d a t a . To s w i t c h t o v e c t o r mode an ASCII SO <016> 
c h a r a c t e r i s i n s e r t e d and f o l l o w e d by t h e v e c t o r d a t a , s u i t -
a b l y t r a n s f o r m e d t o be n o n - c o n t r o l . To r e v e r t back t o t e x t 
mode, a l e a d i n g SI <017> c h a r a c t e r i s used i n the same way. 
Any o t h e r c o n t r o l c h a r a c t e r i s c o n s i d e r e d i n v a l i d and the 
s t a t e i s r e s t o r e d t o t e r m i n a l mode. A f o r m a l d e f i n i t i o n o f 
the d i s p l a y segment p r o t o c o l i s g i v e n i n Apendix A.2. 
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4.3 Te x t and V e c t o r P r o c e s s i n g 
Text c h a r a c t e r s , whether d e s t i n e d f o r t h e s c r o l l area 
of the screen or as p a r t o f a g r a p h i c s d i s p l a y segment, are 
processed by t h e TEXT r o u t i n e i n the GTGRAF module. One of 
the f i r s t t h i n g s i t does i s t o t e s t i f the c u r r e n t mode i s 
a l r e a d y t e x t . I f n o t , i t must f i r s t i n s e r t a c h a r a c t e r ' s e t 
g r a p h i c mode' i n s t r u c t i o n i n t o t h e n i b b l e and update the 
c u r r e n t mode i n d i c a t o r i n the open f i l e v a r i a b l e s . Then the 
c h a r a c t e r i s i n s e r t e d i n t o t h e n i b b l e , u s i n g t h e n i b b l e 
management macro NBLBYT. 
Non c o n t r o l c h a r a c t e r s cause t he X c o o r d i n a t e l o c a -
t i o n , s t o r e d i n the open f i l e v a r i a b l e s , t o be incremented 
but c e r t a i n c o n t r o l c h a r a c t e r s are t r e a t e d s p e c i a l l y . A 
l i n e feed c h a r a c t e r causes the c u r r e n t Y l o c a t i o n t o be i n -
cremented and a c a r r i a g e r e t u r n e f f e c t s a z e r o i n g o f the 
c u r r e n t X l o c a t i o n . A backspace c h a r a c t e r causes the X l o -
c a t i o n t o be decremented." Other c o n t r o l c h a r a c t e r s are sim-
p l y s t o r e d i n the segment b u t cause no change t o be made to 
the c u r r e n t (X,Y) l o c a t i o n . 
The p r o c e s s i n g of v e c t o r data f a l l s i n t o two' p a r t s . 
F i r s t l y , t h e v e c t o r d a t a , i n the form of (X,Y) c o o r d i n a t e s , 
and a move/draw q u a l i f i e r are e x t r a c t e d from t h e c h a r a c t e r s 
s e n t by t h e h o s t . Secondly, t h i s d a ta i s passed t o the vec-
t o r r o u t i n e p r o p e r , which w i l l o p t i m i s e the s t o r a g e r e -
q u i r e d , whether s h o r t or long v e c t o r , knowing t h e c u r r e n t 
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(X,Y) l o c a t i o n of the segment. 
I n o r d e r to m i n i m i s e the amount of data s e n t t o the 
GT40, a compression scheme, which u t i l i s e s t he non-data p a r t 
o f the t r a n s m i t t e d c h a r a c t e r s , i s employed. T h i s makes use 
of the p o s s i b i l i t y t h a t o n l y one of t h e c o o r d i n a t e s may 
change or t h a t the change i n one may be s m a l l . The maximum 
v a l u e of an (X,Y) c o o r d i n a t e , which may be s p e c i f i e d i n l o n g 
v e c t o r mode, o c c u p i e s 10 b i t s o f a 16 b i t word. We can 
d i v i d e t h i s i n t o two p a r t s , LO and H I , each r e q u i r i n g 5 
b i t s , and name these p a r t s of the (X-Y) c o o r d i n a t e p a i r 
x l , x h , y l , y h . 
The c h o i c e of which of the o p t i o n s i s s e l e c t e d i s 
governed by b i t s 6 and 7 o f the f i r s t c h a r a c t e r t r a n s m i t t e d 
( b i t s 1-5 are data) . 
01 - update x l , x h 
10 - update x l , x h , y l 
11 - update x l , x h , y h , y l 
The v a l u e s i n the h i g h o r d e r b i t s of t h e subsequent 
b y t e s and t h e i r meaning are as f o l l o w s :-
01 - a draw o p e r a t i o n and t h i s b y t e i s the l a s t b y t e . 
10 - a move o p e r a t i o n and t h i s b y t e i s the l a s t b y t e . 
11 - more b y t e s f o l l o w b e f o r e l a s t b y t e . 
The sequences t r a n s m i t t e d f o r p a r t i c u l a r commands are sum-
marized below, w i t h lower case c h a r a c t e r s i n d i c a t i n g co-
o r d i n a t e v a l u e b i t s . 
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Command by t e 1 b y t e 2 b y t e 3 by t e 4 
Move x l xh 
Draw x l xh 
Move y l x l xh 
Draw y l x l xh 
Move y l yh x l xh 
Draw y l yh x l xh 
001XXXXX 010XXXXX 
001XXXXX 0 01X XXXX 
0 1 0 y y y y y 0 1 1 x x x x x 0 1 0 x x x x x 
0 1 0 y y y y y 0 1 1 x x x x x 0 0 1 x x x x x 
0 1 1 y y y y y 0 1 1 y y y y y 0 1 1 x x x x x 0 1 0 x x x x x 
0 1 1 y y y y y 0 1 1 y y y y y 0 1 1 x x x x x 0 0 1 x x x x x 
4.4 L i g h t Pen and Tracking Cross Operation 
I n an i n t e r a c t i v e g r a p h i c s system, one of the b a s i c 
f u n c t i o n s r e q u i r e d i s the a b i l i t y o f the user t o i d e n t i f y an 
o b j e c t d i s p l a y e d and t o i n d i c a t e an a r b i t r a r y p o s i t i o n on 
the s c r e e n . The former would be used t o s e l e c t an i t e m , o r 
a p a r t i c u l a r p a r t o f an i t e m , from amongst s e v e r a l 
d i s p l a y e d , w h i l s t t h e l a t t e r m i g h t be used t o p o s i t i o n an 
i t e m or s p e c i f y t h e c o r n e r s o f an area which w i l l be magni-
f i e d or shown i n g r e a t e r d e t a i l . The i d e n t i f y i n g mode i s 
d e s c r i b e d as ' p i c k i n g ' and t h e p o s i t i o n i n g mode i s performed 
u s i n g an o b j e c t known as a ' t r a c k i n g c r o s s ' . I n the GT40 
both these f u n c t i o n s are c o n t r o l l e d by a ' l i g h t pen'. 
The l i g h t pen c o n s i s t s o f a narrow c y l i n d r i c a l tube 
w i t h a l i g h t s e n s i n g p h o t o t r a n s i s t o r a t one end. A l e a d 
t e r m i n a t i n g i n a phono p l u g connects t o the VR17 d i s p l a y 
where a module a m p l i f i e s any s i g n a l produced. I n normal 
use, by p o i n t i n g the pen a t the s c r e e n , t he l i g h t p r o d u c i n g 
such a s i g n a l w i l l come from t he phosphorescent image 
d i s p l a y e d . 
I f l i g h t pen i n t e r r u p t s are en a b l e d , by s e t t i n g a b i t 
w i t h i n a Set Graphic Mode i n s t r u c t i o n , then a l i g h t pen h i t 
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w i l l cause the d i s p l a y p r o c e s s o r t o h a l t and i n t e r r u p t t h e 
PDP-11. I n the i n t e r r u p t s e r v i c e r o u t i n e two p i e c e s o f i n -
f o r m a t i o n are d i r e c t l y a v a i l a b l e . The d i s p l a y program 
c o u n t e r (DPC), a t l o c a t i o n 172000, c o n t a i n s t he address o f 
the i n s t r u c t i o n f o l l o w i n g t h a t on which t he l i g h t pen h i t 
occurred. The X and Y p o s i t i o n s o f the d i s p l a y a t t h a t t i m e 
are o b t a i n e d by r e a d i n g l o c a t i o n s 172004 and 172006. I n ad-
d i t i o n , because o f the way the d i s p l a y c h a i n i s implemented 
i n GTX, a l s o a v a i l a b l e a t t h i s p o i n t i s the a c t i v e d i s p l a y 
segment, whose e x i s t e n c e was d e s c r i b e d i n Chapter 2. 
When a d i s p l a y segment i s c r e a t e d , i t i s a u t o m a t i c a l l y 
made l i g h t pen s e n s i t i v e , i . e . l i g h t pen i n t e r r u p t enable i s 
s p e c i f i e d i n the f i r s t g r a p h i c mode i n s t r u c t i o n . Thus a l l 
segments are always l i g h t pen s e n s i t i v e . However, t h e 
IG/GT40 p r o t o c o l d e f i n e s when such l i g h t pen i n t e r a c t i o n de-
t a i l s s h o u l d be r e t u r n e d t o t h e h o s t system. The a l t e r n a -
t i v e t o t h i s would be t o have a l l segments i n s e n s i t i v e by 
d e f a u l t and t o enable those which may be ' p i c k e d ' by s e n d i n g 
c o n t r o l c h a r a c t e r s t o the GT40 f o r each. T h i s would c l e a r l y 
be e x c e s s i v e l y verbose f o r a d i s p l a y w i t h many p i c k a b l e ob-
j e c t s . 
On r e c e p t i o n o f an ASCII DC2 <022> c h a r a c t e r , t h e com-
mand i n t e r p r e t e r i n d i c a t e s t o the user t h a t a l i g h t pen p i c k 
o p e r a t i o n may be per f o r m e d . I t does t h i s by changing t h e 
c u r s o r c h a r a c t e r i n the type-ahead l i n e t o a s o l i d square 
c h a r a c t e r ( ASCII DEL <177>). I n t e r n a l l y i t s e t s a ' l i g h t 
pen want' i n d i c a t o r and a f l a g i n d i c a t i n g t h a t i f a keyboard 
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c h a r a c t e r i s typed i n the meantime, t h e l i g h t pen w a i t i s t o 
be abo r t e d . 
I f a p i c k o p e r a t i o n w i t h t he l i g h t pen i s p e r f o r m e d , 
the i n t e r r u p t s e r v i c e r o u t i n e f i r s t l o o k s t o see i f a l i g h t 
pen h i t i s wanted. I f i t i s , i t f u r t h e r checks t o see i f a 
l i g h t pen h i t has a l r e a d y been r e g i s t e r e d . I f n o t , i t s e t s 
the f l a g t o ' l i g h t pen h i t * and saves the (X,Y) h i t c o o r d i -
nate and the a c t i v e d i s p l a y f i l e . I n a l l o t h e r c i r -
cumstances the h i t i s s i m p l y i g n o r e d . I n the main p r o c e s s -
in g l o o p , a check i s made t o see i f a l i g h t pen h i t has oc-
c u r r e d . I f so, a c a l l t o the CI i s made w i t h a n u l l c h a r a c -
t e r . 
I f , however, t he p i c k o p e r a t i o n i s a b o r t e d by t h e user 
t y p i n g a c h a r a c t e r , t h i s c h a r a c t e r i s s i m p l y passed t o the 
C I . Since a n u l l c h a r a c t e r i s a c o n t r o l , t h e two r e t u r n 
p o i n t s w i t h i n t h e CI w i l l be d i f f e r e n t and a l l o w t h e two 
p o s s i b i l i t i e s t o be d i s t i n g u i s h e d . I n the l i g h t pen case 
the d i s p l a y segment and t h e (X,Y) h i t c o o r d i n a t e are s e n t t o 
the h o s t as a f i v e c h a r a c t e r sequence 
< s e g # X h i g h x X l o w x X h i g h y X l o w y> 
where the 10 b i t c o o r d i n a t e data i s broken down i n t o two 5 
b i t i t e m s . I n the a b o r t case a s i n g l e c o n t r o l c h a r a c t e r i s 
t r a n s m i t t e d . 
/ 
I n GTX t h e p o s i t i o n i n g f u n c t i o n i s performed v / i t h a 
t r a c k i n g c r o s s , which resembles a t r a p e z i u m whose d i a g o n a l s 
















































F i g 4.2 
T r a c k i n g Cross 
T h i s c r o s s i s p o s i t i o n e d w i t h the l i g h t pen which 'drags' 
t h e c r o s s , or more e x a c t l y t h e c r o s s ' t r a c k s ' the l i g h t pen, 
by a p p l y i n g a s e r i e s of s m a l l x and y i n c r e m e n t s t o the 
c r o s s c e n t r e . 
A l l of the l i n e s i n the c r o s s are s e n s i t i v e t o l i g h t 
pen i n t e r a c t i o n and a t y p i c a l h i t p o i n t i s i n d i c a t e d a t po-
s i t i o n ( x , y ) . The h i t w i l l cause a p r o c e s s o r i n t e r r u p t 
t h r o u g h l o c a t i o n 324 and as b e f o r e the i n t e r r u p t s e r v i c e 
r o u t i n e reads the x and y h i t c o o r d i n a t e s from memory l o c a -
t i o n s 172004 and 172006. As mentioned p r e v i o u s l y , an ac-
t i v e d i s p l a y segment i s m a i n t a i n e d by t h e d i s p l a y i n t e r r u p t 
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r o u t i n e , I f t h i s segment cor r e s p o n d s t o the t r a c k i n g c r o s s , 
the f o l l o w i n g s i m p l e t r a n s f o r m a t i o n i s a p p l i e d t o t h e c r o s s 
c e n t r e c o o r d i n a t e s . F i r s t l y t h e qu a d r a n t i n which t h e h i t 
o c c u r r e d i s found. Then the c e n t r e c o o r d i n a t e s (X,Y) are 
changed by an amount ( d x , d y ) , dependent on t h i s q u a d r a n t . 
T y p i c a l l y , dx and dy are a few r a s t e r i n c r e m e n t s and d e f i n e 
the f i n e n e s s w i t h which the t r a c k i n g c r o s s can be p o s i -
t i o n e d . 
N o r m a l l y , the t r a c k i n g c r o s s i s not l i n k e d i n t o t h e 
d i s p l a y c h a i n b u t on r e c e p t i o n o f an ASCII DC4 <024> c h a r a c -
t e r , t h e t r a c k i n g c r o s s i s i n s e r t e d i n t o t h e d i s p l a y c h a i n 
and becomes v i s i b l e on the s c r e e n . I n a d d i t i o n a f u r t h e r 
m o d i f i c a t i o n i s made t o the f l o w o f the d i s p l a y p r o c e s s o r 
t h r o u g h the d i s p l a y segments. T h i s causes t he t r a c k i n g 
c r o s s t o appear s i g n i f i c a n t l y b r i g h t e r on the scr e e n and 
enhances the t r a c k i n g c a p a b i l i t y o f the c r o s s , which o t h e r -
wise may t r a c k p o o r l y when a l o t of g r a p h i c a l d a t a i s 
d i s p l a y e d on the s c r e e n . What i s done i s t o arran g e t h a t 
the d i s p l a y p r o c e s s o r spends more time i n the t r a c k i n g seg-
ment compared t o t h e o t h e r p a r t s o f t h e d i s p l a y f i l e . I n 
the d i s p l a y h a l t (DHALT) i n t e r r u p t r o u t i n e a check i s made 
t o see i f the next segment to be d i s p l a y e d i s the t r a c k i n g 
c r o s s . I f so, then t he DHALT address i n the t r a c k i n g seg-
ment i s s e t t o p o i n t t o i t s e l f and a c o u n t e r i n i t i a l i s e d t o 
c o n t r o l t h e number of ' t i g h t l o o p s ' made w i t h i n the t r a c k i n g 
segment. Subsequently whenever the next segment t o be shown 
i s the t r a c k i n g segment, the c o u n t e r i s decremented u n t i l i t 
reaches zero when the i n i t i a l l i n k i s r e s t o r e d and the 
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d i s p l a y p r o c e s s o r c o n t i n u e s w i t h the o t h e r segments i n t h e 
d i s p l a y f i l e . The a l g o r i t h m , expressed i n a pseudo 
language, runs as f o l l o w s :-
i f next_segment == t r a c k i n g _ s e g m e n t 
i f d h a l t _ _ w o r d _ o f _ t r a c k i n g _ s e g m e n t != t r a c k i n g _ s e g m e n t 
save d h a l t _ w o r d 
d h a l t _ w o r d = t r a c k i n g _ s e g m e n t 
i n i t i a l i s e c o u n t e r 
e l s e 
decrement c o u n t e r 
i f zero 
r e s t o r e d h a l t _ w o r d 
e n d i f 
e n d i f 
end i f 
I n a d d i t i o n t h e c u r s o r c h a r a c t e r i n the type-ahead 
l i n e i s changed t o a p l u s s i g n ( + ) , chosen t o resemble the 
c r o s s w i r e s o f the t r a c k i n g c r o s s . I n t e r n a l l y a f l a g i s s e t 
i n d i c a t i n g t h a t any c h a r a c t e r t y p e d w i l l be made a v a i l a b l e 
i m m e d i a t e l y t o the C I . T h i s w i l l occur when the user has 
s a t i s f a c t o r i l y p o s i t i o n e d the c r o s s and wishes i t s co-
o r d i n a t e s to be s e n t t o the h o s t . As b e f o r e , t h e co-
o r d i n a t e s are s e n t t o the h o s t as a f i v e c h a r a c t e r sequence, 
where the f i r s t c h a r a c t e r i s the keyboard c h a r a c t e r t y p e d by 
th e u s e r . 
<keyc><high x X l o w x X h i g h y X l o w y> 
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4.4 U t i l i t y Routines 
V a r i o u s commonly used u t i l i t y s u b r o u t i n e s were g a t h -
ered t o g e t h e r i n t o a s i n g l e module ( c o n t r o l s e c t i o n ) and 
made a v a i l a b l e t o o t h e r modules, by d e c l a r i n g t he r o u t i n e 
names i n a .GLOBL d i r e c t i v e i n the module c o n t a i n i n g common 
d e f i n i t i o n s . 
These u t i l i t y f u n c t i o n s are :-
1) PRINTNO 
p r i n t an i n t e r n a l v a l u e as an o c t a l number 
on the c o n s o l e . 
2) PRINTAS 
p r i n t an ASCII s t r i n g on t h e c o n s o l e . The 
s t r i n g must be t e r m i n a t e d by a n u l l c h a r a c -
t e r . 
3) I2D 
c o n v e r t an i n t e r n a l v a l u e t o a d e c i m a l 
numeric s t r i n g . 
4) 120 
c o n v e r t an i n t e r n a l v a l u e t o an o c t a l numer-
i c s t r i n g . 
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5) D2I 
c o n v e r t a d e c i m a l s t r i n g t o an i n t e r n a l 
v a l u e . 
6) 021 
c o n v e r t an o c t a l s t r i n g t o an i n t e r n a l 
v a l u e . 
PRINTNO c a l l s 120 t o c o n v e r t the i n t e r n a l v a l u e t o an 
o c t a l s t r i n g and the n uses PRINTAS t o o u t p u t the s t r i n g . 
D2I and 021 arc c a l l e d v i a a common name which d e c i d e s which 
of them t o use by l o o k i n g a t the f i r s t c h a r a c t e r o f t h e 
s t r i n g . I f t h i s i s a zero t h e n t he number i s assumed t o be 
o c t a l , i f n ot d e c i m a l . Both o c t a l and d e c i m a l c o n v e r s i o n 
r o u t i n e s t e r m i n a t e when a v a l u e o u t s i d e t he a l l o w a b l e range 
i s e n c o u n t e r e d . 
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5.1 General Conclusions 
W i t h the expansion o f m i c r o - p r o c e s s o r based d e v i c e s 
and t he impact o f what i s l o o s e l y termed d i s t r i b u t e d comput-
i n g , i t i s c l e a r t h a t t h e t o o l s and t e c h n i q u e s are r i p e f o r 
the e v o l u t i o n o f a s e r i e s o f i n t e l l i g e n t t e r m i n a l s . To a 
l a r g e e x t e n t the development o f t h i s GT40 based system has 
been o v e r t a k e n by t h e impact o f cheaper and, i n many cases, 
more s o p h i s t i c a t e d d e v i c e s which are now becoming a v a i l a b l e . 
C l e a r l y t h e r e can be no economic case made f o r the a c q u i s i -
t i o n o f t h i s expensive equipment s o l e l y as an i n t e l l i g e n t 
t e r m i n a l system. However, g i v e n t h a t t h e hardware was 
a v a i l a b l e , i t was c o n s i d e r e d w o r t h w h i l e t o develop such a 
system. 
No s t r o n g defence can be made of the use of assembler 
language i n t h i s p r o j e c t , a p a r t from easy a v a i l a b i l i t y . A 
p o s s i b l e c a n d i d a t e , which i s a v a i l a b l e under t h e UNIX s y s -
tem, i s the programming language MODULA ( r e f 12,13). A s y s -
tem c o u l d be w r i t t e n i n MODULA, compiled and l i n k e d under 
UNIX, and down l i n e loaded i n t o t h e PDP 11/10. P r i m a r i l y 
d esigned as a m u l t i - t a s k i n g language f o r process c o n t r o l , 
MODULA p r o v i d e s many h i g h l e v e l d a ta and programming s t r u c -
t u r e s , f e a t u r e s v e r y s u i t e d t o t h i s a p p l i c a t i o n . However, 
W i r t h , t h e a u t h o r of MODULA, d e s c r i b e s the d i f f i c u l t y o f 
h a n d l i n g t he GT40 i n one of h i s case s t u d i e s ( r e f 1 4 ) . Oth-
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er work, u s i n g the language, has c o n t r o l l e d t h e GT40 w i t h a 
c e r t a i n amount o f success ( r e f 1 5 ) . 
I n any s u b s t a n t i a l programming p r o j e c t the elements o f 
f a u l t f i n d i n g , d i a g n o s t i c t e s t i n g and e r r o r a n a l y s i s , c o l -
l e c t i v e l y known as 'debugging*, s h o u l d not be o v e r l o o k e d . 
I n many ways t h i s i s a more d i f f i c u l t e x e r c i s e than the p r o -
j e c t i t s e l f . At s e v e r a l p o i n t s i n the development, the need 
f o r some form of debugging sub-system seemed t o a r i s e . I n 
p r a c t i c e a c o m b i n a t i o n of d i a g n o s t i c p r i n t and i n f o r m a t i o n 
l o g g i n g i n memory, f o r l a t e r post-mortem e x a m i n a t i o n , was 
used i n an aci-hoc f a s h i o n f o r each n o n - t r i v i a l e r r o r encoun-
t e r e d . T h i s m i g h t be c o n s i d e r e d a symptom of the need f o r a 
h i g h l e v e l language i m p l e m e n t a t i o n , where debugging a i d s and 
d i a g n o s t i c i n f o r m a t i o n are more d i r e c t l y a v a i l a b l e . Howev-
e r , s e v e r a l of the h i g h l e v e l languages c o n s i d e r e d s u i t a b l e 
f o r system programming have q u i t e l a r g e run time r e q u i r e -
ments, f o r example PASCAL ( r e f 1 6 ) . MODULA on the o t h e r 
hand, has a m i n i m a l run time s u p p o r t , but p r o v i d e s no debug-
g i n g f a c i l i t i e s . I t i s c e r t a i n l y t r u e t h a t one o f the most 
d i f f i c u l t e r r o r s t o i s o l a t e i n GTX, which r e q u i r e d a s p e c i f -
i c c o m b i n a t i o n of f a c t o r s w i t h i n the system i n o r d e r t o ap-
pear, c o u l d not e a s i l y have been l o c a t e d by a f a c i l i t y such 
as b r e a k p o i n t debugging. 
One q u e s t i o n which begs i t s e l f i s ' j u s t how u s e f u l i s 
a / d u a l s e s s i o n t e r m i n a l ? ' . I t i s t r u e t h a t f o r most users 
the two h o s t c a p a b i l i t y was a l u x u r y and use was m a i n l y made 
of the e x t r a f a c i l i t i e s t o a s i n g l e h o s t . However, f o r s y s -
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terns programming and communications work, t h e d u a l connec-
t i o n was of g r e a t b e n e f i t . One such example was i n the 
m i d s t o f the development o f a f i l e t r a n s f e r f a c i l i t y between 
UNIX and MTS. At t h a t stage b o t h o f these systems main-
t a i n e d d e t a i l e d l o g s o f i n f o r m a t i o n about the t r a n s f e r s and, 
when a t r a n f e r had f a i l e d , i t was necessary t o l o o k a t bo t h 
l o g s t o de t e r m i n e t he cause of f a i l u r e . I n t h i s c i r -
cumstance the two s e s s i o n f e a t u r e was most u s e f u l and a l -
lowed t h e two l o g s t o be compared a d j a c e n t t o one a n o t h e r . 
Indeed had t h i s c a p a b i l i t y been a v a i l a b l e e a r l i e r i n t h a t 
p r o j e c t , i t may have l e d t o a more i n t e r a c t i v e t e s t i n g f a -
c i l i t y , w i t h commands t o bo t h ends of the t r a n s f e r l i n k o r i -
g i n a t i n g from t he 'same' t e r m i n a l . 
T e s t i n g o f the b a s i c f u n c t i o n i n g o f the system as a 
two ' s e s s i o n ' t e r m i n a l was performed as i t was de v e l o p e d , by 
c o n n e c t i n g i t t o two h o s t systems. Use was sometimes made 
of t h e ' l o c a l ' mode, t o echo c h a r a c t e r s l o c a l l y , when n e i -
t h e r o f the h o s t s was a v a i l a b l e or when r e p r o d u c i b i l i t y was 
i m p o r t a n t . The g r a p h i c s s i d e of the system was e x e r c i s e d by 
the g r a p h i c s package *IG i n MTS, u s i n g t h e example programs 
i n IG:EXAMPLES, or by t e s t programs r u n n i n g i n UNIX, which 
t o g e t h e r t e s t e d t he v e c t o r g e n e r a t i o n , l i g h t pen and t r a c k -
i n g c r o s s f u n c t i o n s . 
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5.2 Future Development 
One of the g r e a t e s t s h o r t c o m i n g s of a t t e m p t i n g t o use 
s t a n d a r d equipment, as s u p p l i e d w i t h the system, was t h e 
l a c k of programmed f u n c t i o n keys on t h e t e r m i n a l keyboard o f 
the LA36 DECw r i t e r . I t would be f e a s i b l e , i f somewhat i r k -
some, t o ar r a n g e f o r the use of more c o n t r o l c h a r a c t e r s t o 
p e r f o r m the e q u i v a l e n t f u n c t i o n s . The d i s a d v a n t a g e i s t h a t 
two key d e p r e s s i o n s are r e q u i r e d and d i f f i c u l t y i s encoun-
t e r e d i n remembering t h e keys i n v o l v e d , s i n c e s p e c i a l mark-
i n g s are not a v a i l a b l e . With a c e r t a i n amount of r e w i r i n g , 
i t may be p o s s i b l e t o a r r a n g e f o r the u s u a l l y unused numeric 
keypad on the DECwriter t o g e n e r a t e c o n t r o l codes. 
The use t o which such f u n c t i o n keys m i g h t be put a r e 
v a r i e d . One use m i g h t be t o enable c h a r a c t e r s t r i n g s t o be 
d e f i n e d and s u b s e q u e n t l y be r e c a l l e d i n t o the type-ahead 
window w i t h a s i n g l e k e y s t r o k e . Thus o f t e n used commands 
may be s e n t w i t h a minimum of t y p i n g . Another use i s t o 
p r o v i d e v e r t i c a l s c r o l l i n g t h r o u g h the ' s e s s i o n 1 , so t h a t 
e a r l i e r t e x t c o u l d be ' r e p l a y e d ' on t h e s c r e e n . 
A d d i t i o n a l c u r s o r c o n t r o l c o u l d be p r o v i d e d t o a l l o w 
t h e user t o 'mark' a l i n e on the screen and have i t appear 
i n t he type-ahead window. T h i s ' l i n e r e - e n t r y ' would be 
u s e f u l f o r r e s u b m i t t i n g a p r e v i o u s command. 
I n the c u r r e n t system, t h e 2 RK05 d i s k u n i t s , o f 2.5Mb 
c a p a c i t y each, are unused. C l e a r l y t h e y p r o v i d e ample 
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secondary s t o r a g e f o r s e v e r a l p o s s i b l e uses. One of these 
m i g h t be t o h o l d t h e o u t p u t s e n t t o the system, so t h a t e a r -
l i e r 'pages' i n the s e s s i o n s c o u l d be r e c a l l e d and r e v i e w e d . 
I n c o m b i n a t i o n w i t h a l i n e r e - e n t r y f a c i l i t y , t h i s would be 
a u s e f u l a d d i t i o n . A second more obvious use i s s i m p l y t o 
use t he d i s k as a f i l e s t o r e , and p r o v i d e a means f o r 
r e d i r e c t i n g t h e h o s t o u t p u t and i n p u t , t o or from one o f 
these l o c a l f i l e s . T h i s would p r o v i d e a s i m p l e means o f 
f i l e t r a n s f e r and would a l l o w , f o r example, l o c a l e d i t i n g o f 
remote f i l e s t o be performed i n v i s u a l mode under RT-11. 
To a l a r g e e x t e n t t h e system e v o l v e d , r a t h e r t h a n 
developed toward a s p e c i f i e d end p r o d u c t , which i s a mixed 
b l e s s i n g i n some ways. C e r t a i n l y t h e e v o l u t i o n was s u f f i -
c i e n t l y f l e x i b l e t o respond t o users recommendations and ex-
p e r i e n c e s , which made f o r a sense o f ' u s e f u l n e s s ' i n t h e 
p r o j e c t . E q u a l l y , t h e p o s s i b l e enhancements which have j u s t 
been mentioned, may impress a f e e l i n g o f a p r o j e c t n o t y e t 
f u l f i l l e d . 
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A . l S t r u c t u r e d Macros 
•macro push a r g l , a r g 2 , a r g 3 , a r g 4 , a r g 5 , a r g 6 , e r r 
.narg z z z c n t 
. e r r o r z z z c n t ; t o o many c e l l s pushed . i i f g t z z z c n t - 6 
. i i f ge z z z c n t - 1 mov 
_ . . i i f ge z z z c n t - 2 mov 
. i i f ge z z z c n t - 3 mov 
. i i f ge zzzcnt-4 mov 
. i i f ge z z z c n t - 5 mov 
. i i f ge z z z c n t - 6 mov 
.endm push 
a r g l , - ( s p ) 
a r g 2 , - ( s p ) 
a r g 3 , - ( s p ) 
a r g 4 , - ( s p ) 
a r g 5 , - ( s p ) 
a r g 6 , - ( s p ) 
.macro pop a r g l , a r g 2 , a r g 3 , a r g 4 , a r g 5 , a r g 6 , e r r 
.narg z z z c n t 
. i i f g t z z z c n t - 6 . e r r o r z z z c n t ; t o o many c e l l s 
. i i f ge z z z c n t - 1 mov (sp) + , a r g l 
. i i f ge z z z c n t - 2 mov (sp)+, arg2 
. i i f ge z z z c n t - 3 mov ( s p ) + , arg3 
. i i f ge zzzcn t - 4 mov ( s p ) + , arg4 
. i i f ge z z z c n t - 5 mov (sp) + , arg5 
. i i f ge z z z c n t - 6 mov (sp) + , arg6 
.endm pop 
.macro l o s e n 
. i i f l e n . e r r o r n; arg f o r ' l o s e ' < 1 
. i f eq n-1 
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t s t ( s p ) + drop one i t e m from s t a c k 
.mex i t 
. endc 
. i f eq n-2 
cmp (sp) + , (sp) + drop two items from t he s t a c k 
.mexi t 
.endc 
add #n+n, sp 
.endm l o s e 
.macro c a l l subr 
j s r pc,subr 
.endm c a l l 
.macro r e t u r n 
r t s pc 
.endm r e t u r n 
.macro b l k o n 
. m c a l l l o o p , b r e a k , r e p e a t , i f , e l s e , e n d i f , b l k o f f 
.meal1 $ s e t l p , $ g e t l p , $ s e t b n , $ g e t b n , $ c o n b r , $ g e n l b 
zzzzzn = 0 ; t h i s i s the nest l e v e l ( i f - e n d i f and l o o p - r e p e a t ) 
z z z l b n = 0 ; l a b e l sequence number f o r i f ... e n d i f 
z z z l p n = 0 ; l a b e l sequence number f o r l o o p ... r e p e a t 
.endm b l k o n 
/ 
.macro b l k o f f 
. i i f ne,zzzzzn . e r r o r unclosed b l o c k i n program 
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.endm b l k o f f 
.macro l o o p 
. i i f n d f , z z z z z n . e r r o r ; no b l k o n p r e c e d i n g l o o p 
zzzzzn - zzzzzn+1 
z z z z z l = zzzzzn ; f o r 'break' nested i n s i d e i f ... e n d i f 
z z z l p n = z z z l p n + 1 
$ s e t l p z z z l p n , % z z z z z l 
$genlb q x , % z z z l p n 
.endm l o o p 
.macro break cond 
. i i f n d f , z z z z z n . e r r o r 
. i i f l e , z z z l p n . e r r o r 
$ g e t l p r l n , % z z z z z l 
$conbr c o n d , q y , % r I n , x 
.endm break 
; no b l k o n p r e c e d i n g break 
; break i l l e g a l o u t s i d e l o o p 
.macro r e p e a t 
. i i f n d f , z z z z z n 
. i i f l e , z z z l p n 
cond 
. e r r o r 
. e r r o r 
$ g e t l p r l n , % z z z z z n 
$conbr cond , q x , % r l n , x 
$genlb q y , % r l n 
$ s e t l p 0,%zzzzzn 
zzzzzn = zzzzzn-1 
z z z z z l = z z z z z l - 1 
.endm r e p e a t 
no b l k o n p r e c e d i n g r e p e a t 
r e p e a t has no p r e c e d i n g l o o p 
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.macro $ s e t l p 
zzqx'bn = l p n 
„endm $ s e t l p 
I p n rbn 
.macro $ g e t l p 
l p n = zzqx'bn 
.endm $ g e t l p 
l p n , b n 
.macro i f cond 
. i i f n d f , zzzzzn 
zzzzzn = zzzzzn+1 
z z z l b n = z z z l b n + 1 
$setbn z z z l b n , % z z z z z n 
$conbr cond,qq,%zzzlbn 
.endm i f 
. e r r o r ; no b l k o n p r e c e d i n g i f 
.macro e l s e 
. i i f n d f , z z z z z n . e r r o r ; no b l k o n p r e c e d i n g e l s e 
$getbn r b n , % z z z z z n 
. i i f l t , r b n . e r r o r ; e l s e f o l l o w s e l s e w i t h no e n d i f or i f 
. i i f eq,rbn . e r r o r ; o u t o f sync 
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.macro e n d i f 
. i i f n d f , z z z z z n . e r r o r ; no b l k o n p r e c e d i n g e n d i f 
. i i f l e , z z z z z n . e r r o r ; e n d i f unmatched by i f 
$getbn r b n , % z z z z z n 
. i i f g t , r b n $genlb qq,%rbn 
. i i f l t , r b n $genlb qz,%<-rbn> 
. i i f eq,rbn . e r r o r ; o u t o f sync 
$ s e t b n 0,%zzzzzn 
zzzzzn = zzzzzn-1 
.endm e n d i f 
.macro $setbn l b n , b n 
zzqq'bn = l b n 
.endm $setbn 
.macro $getbn 
l b n = zzqq'bn 
.endm $getbn 
.macro $conbr 
. i f b,<cond> 
br p r e f ' b n 
. i f f 
. i f nb,<x> 
' b'cond p r e f 
. i f f 
. i i f idn,<cond>,<e 
l b n , b n 
c o n d , p r e f , b n , x 
bne p r e f ' b n 
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. i i f i d n , <cond>,<ne> beq p r e f ' bn 
. i i f i d n <cond> f < l t > bge p r e f ' bn 
. i i f i d n , <cond>,<ge> b i t p r e f ' bn 
. i i f i d n , <cond>,<gt> b l e p r e f ' bn 
. i i f i d n , <cond>,<le> bgt p r e f 1 bn 
. i i f i d n , <cond>,<pl> bmi p r e f 1 b n 
. i i f i d n ,<cond>,<mi> b p l p r e f ' bn 
. i i f i d n , <cond>,<cs> bcc p r e f * bn 
• i i f i d n , <cond>,<cc> bcs p r e f 1 bn 
. i i f i d n , <cond>,<hi> b i o s p r e f 1 bn 
. i i f i d n ,<cond>,<lo> b h i s p r e f ' b n 
. i i f i d n ,<cond>,<his> b i o p r e f 1 bn 




.macro $genlb p r e f , r b n 
p r e f 1 r b n : 
.endm $genlb 
.macro f r e e z e p r i 
.narg a r g e n t 
mov @#psw,-(sp) 
. i i f e q , a r g e n t mov #340 ,@jfpsw 
. i i f e q , a r g c n t - l mov pri,@#psw 
.endm f r e e z e 
.macro thaw 
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h.2 BNF D e f i n i t i o n o f IG/GT40 P r o t o c o l 
< f i l e > := <head><data> 
<head> := <soh><seg#Xdata> 
<seg#> := <char> 
<data> := < s t e x t > [ < v e c > < t e x t > ] | < s t e x t > [ < v e c X t e x t > ] <vec> 
< s t e x t > := [<char>] 
<vec> := < s o > [ < c h a i > ] 
< t e x t > := < s i > [ < c h a r > ] 
<char> := <040>|<04i>|<042> ... <175>|<176>|<177 > 
<so> := <016> 
< s i > := <017> 
<soh> := <001> 
<stx> := <002> 
Square b r a c k e t s [ ] enclose elements which can be re p e a t e d an 
a r b i t r a r y number of t i m e s , i n c l u d i n g z e r o . 
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APPENDIX 
A.3 System G e n e r a t i o n 
G e n e r a t i o n o f the GTX s o f t w a r e can be o b t a i n e d by t y p -
i n g the f o l l o w i n g commands t o the RT-11 o p e r a t i n g system :-
R MACRO 
*GTMAIN = GTMAC,GTMAIN 
*GTDEV = GTMAC,GTDEV 
*GTSCRN = GTMAC,GTSCRN 
*GTGRAF = GTMAC,GTGRAF 
*GTCI = GTMAC,GTCI 
*GTUTIL = GTMAC,GTUTIL 
~C 
R LINK 
GTX,GTX = GTMAIN,GTDEV,GTSCRN,GTGRAF,GTCI,GTUTIL 
"C 
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